Mesures précises de violation de parité en diffusion d'électrons: Expériences HAPPEX et E-158 by Vacheret, Antonin
Mesures pre´cises de violation de parite´ en diffusion
d’e´lectrons: Expe´riences HAPPEX et E-158
Antonin Vacheret
To cite this version:
Antonin Vacheret. Mesures pre´cises de violation de parite´ en diffusion d’e´lectrons: Expe´riences




Submitted on 3 Jun 2009
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de






















































































ﬁ"×)0ﬁﬀ~ﬃ($'w¸-(ﬂﬁﬀ&(ﬂﬁﬀb1(/ml"&(ﬂ/0$'ﬃ(~t@&ﬁfﬃ($'&(b5SÓ6$'ﬃ(bﬁﬀ& ﬁbtP&(/Ł$'ﬃ bﬂﬁﬀ(ﬂﬀﬂﬁﬀﬃ !·%$'&(×wW$'/B1(ﬁﬀbwW$'wWﬁﬀﬃ !














































































Á@À4ﬁﬀl"/ %$'&(¡)0ﬁ"z1(")0/mﬁﬀ¡1(ﬁ²) 5a(56&(ﬁ²lS5ﬂ ²ﬁ")0ﬁﬀ¡1(/mlﬀ&/m$'ﬃ(56) 56w#-(/0tP&("ﬁﬀ¡1(ﬁ
ﬃpﬃ1(ﬁO ﬂ$'&(ﬂﬃ(ﬀﬁ·tP&(/r$'ﬃ a56(%$'Æ!flﬀﬁﬁÕ1(/0wWﬁﬀﬃ/0$6ﬃ&(()0ﬀwWﬁﬀﬃ !56/0ﬂﬁ

1(56ﬃ(7) 56tP&(ﬁ")0)mﬁ#/0)Ł"É5v/m7-%$'ﬃ 1(ﬁ











































o¡o|Ä Ð ﬀ* ﬁﬀﬂ´!$6&! ﬂ$'&(ﬂ´1ﬀ$6&()0b1p5vﬃ(G&(ﬃ(ﬁ56w¸-(/056ﬃ(l"ﬁ×!È"GlÉqp56)0ﬁ"&(ﬁ"&(ﬁvÁ




















lﬀ56!56l!È"ﬁﬂWOﬁ"ﬃ(1p56ﬃ #$'&ﬁ¦lﬀﬁ"¸56ﬃﬃ(ﬀﬁ"^  ﬂﬁh&(/mÈ"#q(ﬁ"&(ﬁ"&.Ñ ﬁﬃpﬁ"#1(ﬁWÓ'$'&¸1(ﬀ1/0ﬁﬀlﬀﬁh!!5SÓv56/m)r1(ﬁ
q(ÈﬀﬂﬁatP&(/(!56ﬃGÓ6$6!ﬂﬁaﬂ$'&/0ﬁﬀﬃﬁ´Ó6$6!ﬂﬁ7ﬀl"$'ﬃ $'Æ#pﬃ_*,56&(56/m~ 56w¦5v/0V(&4ﬁÑ./mﬂ!ﬁ"ﬀÁ%À]ﬁ"l"/;O$'&G$'&ﬀÁ
  
   

 
X"JO<>A 9;CL?:6< K 9%J 	
	 E´F










ﬁbwW$.1Èﬀ)0ﬁÃu@Â ﬀ)mﬁﬀl"$ 5v/0-()mﬁ ÁÁaÁÁÁaÁÁaÁÁÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁ ﬃ
µ'Á ¹
Ë
5·ﬂ$'ﬃ(1(ﬁ 56/m-()0ﬁ ÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁaÁÁaÁÁÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁ 
µ'Á,¶
Ë
ﬁﬀh 56l"ﬁﬀ&(ﬂG1(ﬁ $'wWﬁb1(&4ﬃ@&lﬀ)0"$'ﬃ Á7ÁaÁÁaÁÁÁaÁÁaÁÁÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁ µSº
µ'Á,¶Ámµ
Ë




µ6Á ¶ÁIµ'Á ¹ Ê×-(ﬂﬁﬀÆÓ65v-()0ﬁ"´1ﬁ%$')056/m!5v/0$'ﬃ ÁaÁÁaÁÁÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁ µﬀ»
µ6Á ¶ÁIµ'Á,¶ 1 !5vG1(ﬁﬀ´wWﬁﬀ&ﬁﬀÁ7ÁaÁÁaÁÁÁaÁÁaÁÁÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁ µﬀ»
µ'Á,¶Á ¹
Ë
ﬁ"g 5vl"!ﬁ"&(G1(ﬁ $'ﬂwhﬁ 5v/0-()mﬁﬀVﬃ(ﬁ"&!ﬂﬁﬀ ÁaÁÁaÁÁÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁ µ 
µ'Á,¶Á ¶
Ë
ﬁbl"$'ﬃ !ﬁﬀﬃP&]"!56ﬃ(3'ﬁ71(&4ﬃP&(lﬀ)mﬀ$'ﬃ ÁÁaÁÁÁaÁÁaÁÁÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁ ¹vº
µ'Á » ×/m$') 5v/0$'ﬃh1(ﬁ7p56ﬂ/m!bﬁGﬂ&(l!&(ﬂﬁa1(&4ﬃP&(lﬀ)mﬀ$'ﬃ ÁÁaÁÁaÁÁÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁ ¹6¹
µ'Á »(Ámµ
Ì
ﬂs@wW"!ﬂ/0ﬁb1(ﬁbÓ@/0$6) 5v/0$'ﬃD1ﬁ(56/I!bﬁﬀ ÁÁaÁÁaÁÁÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁ ¹6¹
µ'Á »(Á ¹
Ì
ﬂs@wW"!ﬂ/0ﬁb1(ﬁbÓ@/0$6) 5v/0$'ﬃD1ﬁ(56/I!b%$'&(ﬃ($>s 5v&]1(ﬁ7ﬂ(/0ﬃ4ﬃP&() ÁÁÁaÁÁ7ÁaÁÁaÁ ¹v¶
µ'Á »(Á ¶ uP!!5R!ﬀ36/0ﬁ|1_* ﬁÑ@!56l"/0$'ﬃ1(&#5Ss'$'ﬃ¸1ﬁzlÉqp5v3'ﬁ¡ﬁ"1(&¸wW$'wWﬁﬀﬃ Bw¦5v3'ﬃ("/0tP&(ﬁ|"!56ﬃ3'ﬁ¹R»














¹.Á ¹ ÅÕwh(56l"G1(ﬁ"Gﬁﬀﬂﬁﬀ&(ﬂ²Æs@ﬂ!"w¦5R!/0tP&(ﬁ" Á7ÁaÁÁaÁÁÁaÁÁaÁÁÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁj¶v»
¹.Á ¹.Ámµ Ärﬂﬁﬀ&´1ﬁﬃ$'wh56)0/m!5v/0$'ﬃ ÁÁ7ÁaÁÁaÁÁÁaÁÁaÁÁÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁj¶v»
¹.Á ¹.Á ¹ Ärﬂﬁﬀ&´l"$'ﬂﬀ)mﬀﬁ·) * "É5R1(ﬁ7O$6) 56ﬂ/0!5R!/0$6ﬃ ÁÁaÁÁÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁj¶6ﬁ
¹.Á,¶
Ë




¹.Á,¶Á ¹ À4ﬁﬀ&ﬁﬀ´1(ﬁ7%$') 56ﬂ/05v!/m$'ﬃ ÁÁ7ÁaÁÁaÁÁÁaÁÁaÁÁÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁj¶:7





¹.Á!ﬁ ¡56ﬂ/ 5v/0$'ﬃV1(ﬁﬀGp5v!56wWÈ"ﬁﬀG1(&Ł 56/mlﬀﬁﬀ56&ÁÁÁaÁÁaÁÁ7ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁ »P¹
¹.Á!ﬁ.ÁIµ ÅÕwh(56l"´1(ﬁ"´Óv56ﬂ/ 5v/0$'ﬃ(1(ﬁﬀ´p5656whÈ!ﬂﬁﬀ1(& 56/0ﬂlﬀﬁS5v&4ﬂ&(´) *,56ﬂs@wW"!ﬂ/0ﬁ×ﬁÑ.O"/IÔ
whﬁ"ﬃ É56)mﬁ ÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁaÁÁaÁÁ7ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁ »P¹
¹.Á!ﬁ.Á ¹ À]$'ﬃ(/I!ﬁ"&(G1(ﬁ 56/mlﬀﬁﬀ56&ÁÁ7ÁaÁÁaÁÁÁaÁÁaÁÁ7ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁ » ¶
¹.Á!ﬁ.Á,¶ Ê×/036/0ﬃ(ﬁ×1ﬁﬀg 56&(ﬂﬁﬀ²56ﬂs@wW"/0ﬁ"1(&Ł 56/0ﬂlﬀﬁS5v& ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁ » ¶
¹.Á ﬂ À]/mﬃ(/0wW/05v!/m$'ﬃ ÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁaÁÁaÁÁ7ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁ » ﬂ
¹.Á ﬂÁIµ À]/0ﬃ/0wW/0!5R!/0$6ﬃ(p5v/IÓ'ﬁ" Á7ÁaÁÁaÁÁÁaÁÁaÁÁ7ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁ » ﬂ







¹.Á!ﬃ.Á ¹ À]$@1(&() 5R!/0$6ﬃ(V1(ﬁ 56/0ﬂlﬀﬁﬀ56& ÁaÁÁaÁÁÁaÁÁaÁÁ7ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁ ﬁ.µ












¹.Á 7Á!ﬁ ﬃ&/mG1(ﬁ $'ﬃ(1 ÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁaÁÁaÁÁ7ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁ ﬁ#ﬂ
¹.Á 7Á ﬂ
¾


















ﬁﬀ´1(/ 5636ﬃ($'ﬂ/0tP&(ﬁ"ﬁ 56/0ﬂlﬀﬁS5v& ÁÁaÁÁÁaÁÁaÁÁ7ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁﬂ ¹
¶Á ¹.Á,¶ À]$@1(&() 5R!/0$6ﬃ(V1(ﬁ 56/0ﬂlﬀﬁﬀ56& ÁaÁÁaÁÁÁaÁÁaÁÁ7ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁﬂ'¶
¶Á ¹.Á » ﬃ$'&(l")0ﬁ71(ﬁ7!ﬂ$vÔ56l!/m$'ﬃ2&(G)mﬁblﬀ$'&(56ﬃ  ÁaÁÁ7ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁﬂ6»
¶Á ¹.Á,»Ámµ u@s@ﬂÈﬀwWﬁa1(ﬁ7l"$'ﬂﬁﬀl"/0$'ﬃ ÁÁaÁÁaÁÁ7ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁﬂ6»
¶Á ¹.Á,»Á ¹ À]/0ﬂﬁ7ﬁﬀﬃ4() 56l"ﬁb1(ﬁ7) 5f!ﬂ$ 56l"/0$'ﬃ Á7ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁﬂ6ﬂ











¶Á ¹.Á ﬁ@Á ¹
Ë
ﬁﬀ´lﬀ/0-)0ﬁﬀÁaÁÁ7ÁaÁÁaÁÁÁaÁÁaÁÁ7ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁ ﬃ6º

















/0ﬃ("w¦5R!/0tP&(ﬁb") 56Æ!/mt@&ﬁ756&]) 56ﬃG $@lS56) 1(ﬁﬀ
Î~¾
uÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁ ﬃ6ﬁ
¶Á,¶Á,¶ À 5vﬀ/056&.Ñ¨ÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁaÁÁaÁÁ7ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁ ﬃ6ﬃ





¶Á,¶Á!ﬂ À4ﬁﬀ&ﬁﬀ²5SÓ'ﬁ"la1(ﬁ"²w#&($'ﬃ(l"$'wW/0tP&(ﬁ"ﬀÁfÁÁaÁÁaÁÁÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁ ﬃ 7












¶.Á,»(ÁIµ'Á ¹ ÄrÆ!/0wh5v/0$'ﬃD1ﬁ)+*,ﬁ"ﬂﬁﬀ&(ﬂ&(G) 5flﬀ$'ﬂﬁ"l"!/m$'ﬃÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁ 76º
¶Á »(Á ¹ ﬃz&(/I1(ﬁ $'ﬃ(1 ÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁaÁÁaÁÁÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁ 7.µ
¶.Á,»(Á ¹.ÁIµ
k
/%$O&(/m$'ﬃ2tP&p56/ ÔÕ") 56Æ!/0tP&(ﬁb1(56ﬃ(G) 5¸l"/0-()mﬁfÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁ 7'¹
¶.Á,»(Á ¹.Á ¹
k




¶Á »(Á ¶ oL$') 5v/05v!/m$'ﬃD1(&Ł 56/mlﬀﬁﬀ56& ÁÁ7ÁaÁÁaÁÁÁaÁÁaÁÁÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁ 76ﬁ
¶Á »(Á,» À4ﬁﬀ&ﬁ1(&
	1(ﬁ7)05¸S5vl"!/m$'ﬃ ÁÁÁaÁÁaÁÁÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁ 7#ﬂ













¶Á »(Á! ÄŁÑ@!56l"/0$'ﬃ1(ﬁ"Glﬀ$'ﬃ !ﬂ/0-(&.!/0$6ﬃ(1(ﬁﬀg 56l!ﬁﬀ&G1(ﬁ7tP&p56 /P´"!56ﬃ(36ﬁﬀﬀÁÁaÁÁ7ÁaÁÁaÁ7µ>º6¶











»(ÁIµ'Á ¹ ÅÕﬃ Ó6ﬁﬀﬂﬁﬀ&(ﬂ ÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁaÁÁaÁÁÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁ7µ>º#











































$'ﬃ !'')0ﬁb1(&Ł 56/mlﬀﬁﬀ56& ÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁaÁÁaÁÁÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁ7µ ¹@µ
»(Á »(Ámµ
Ë
ﬁ"´wW$'ﬃ(/I!ﬁ"&(1(ﬁ7p5v!56wWÈ"ﬁﬀﬁ 5v/0l"ﬁS56& ÁaÁÁaÁÁÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁ7µ ¹@µ
»Á,»(ÁIµ'ÁIµ À4ﬁﬀ&ﬁ1(ﬁ7lﬀ$'&(56ﬃ «ÁaÁÁaÁÁÁaÁÁaÁÁÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁ7µ ¹6¹
»Á,»(ÁIµ'Á ¹
Ë
ﬁ"´lﬀ5SÓ./I!" ﬃozÀ Á7ÁaÁÁaÁÁÁaÁÁaÁÁÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁ7µ ¹6¹





»(Á »(Ámµ6Á ﬁ À]$@1(&() 5R!ﬁﬀ&G1(&Ł 56/0ﬂlﬀﬁS5v& ÁaÁÁaÁÁ7ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁµ>¹6ﬁ

















»(Á!ﬁ.Á ¹ À]/0ﬂﬁ7ﬁﬀﬃŁ $'wWﬁb1(ﬁﬀG1($6ﬃ(ﬃ(ﬀﬁ"ÁÁaÁÁÁaÁÁaÁÁ7ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁµ>¹6ﬃ
»(Á!ﬁ.Á ¹@Ámµ o$'ﬃ1(ﬀ5v!/m$'ﬃ]1ﬁﬀÓ'$'/mﬁﬀG1(ﬁ7$6ﬂ!/mﬁb1(ﬁ71("ﬁﬀl!/0$6ﬃ ÁÁÁaÁÁ7ÁaÁÁaÁÁÁµ>¹:7
»(Á!ﬁ.Á,¶ À]"q($@1(ﬁa1ﬁﬂﬀ3'ﬂﬁﬀﬂ/0$6ﬃ]w¸&)m!/ Ô Óv56ﬂ/ 56-()mﬁﬀ´ÁaÁÁ7ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁµS¶'º
»(Á!ﬁ.Á ¶.Ámµ -p$'wh56)0/mwWﬁ²wh5v/0l"/0ﬁ")ÁÁÁaÁÁaÁÁ7ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁµS¶µ























"3'ﬁ"ﬂ/0$'ﬃ ¹:7RÑ(¹:7·5SÓ'ﬁ"l!56ﬃ(lÉqﬁﬀg 56/0ﬂlﬀﬁS5v& ÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁµﬀ»P¹










»(Á!ﬁ.Á!ﬃ Ärﬂ!/mw¦5R!/0$6ﬃ21(ﬁﬀGﬂs@Æ!ﬀwh5v/0tP&(ﬁﬀ´)0/mﬀﬁ"G56&. 56/0ﬂlﬀﬁS5v& ÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁµﬀ»ﬂ7
»(Á!ﬁ.Á ﬃ@Ámµ Ärﬁ"&(´1(ﬁ7lS56)m/0-(5v!/m$'ﬃ¦1(ﬁ" ﬃozÀ Á7ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁµ2ﬁ6º
»(Á!ﬁ.Á ﬃ@Á ¹ Ärﬁ"&(´ﬂs@ﬂﬀwh5v!/mt@&ﬁﬂ&(G) 5¸l"$'ﬂﬁﬀl"/0$'ﬃ1(ﬁ"~5vﬂs@wh!ﬂ/0ﬁﬀﬁ 5v/0l"ﬁS56&4ÁÁµ2ﬁ6º















»(Á!ﬁ.Á 7 -Ò56l"ﬁﬀ&(ﬂ´1ﬁﬃ$'wh56)0/m!5v/0$'ﬃ ÁÁaÁÁÁaÁÁaÁÁ7ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁµ ﬂµ
»(Á!ﬁ.ÁIµ>º
¾
"&()IÉ5vGﬀ)m/0wW/0ﬃp5v/0ﬁ´1(ﬁ7) *,56Æs.wW"/mﬁb1(ﬁbÓ./m$') 5R!/0$6ﬃ¦1(ﬁ7p56ﬂ/m ÁÁ7ÁaÁÁaÁÁÁµ ﬂ ¹















ﬀ 8K+Qﬀ: ?QSQﬀK 9%JCB=@QWA T@QS? < 
< Q 	



































ﬁ.Á ¹.Á ¶ ÅÕwWp56lG1(ﬁ7) 5¸wWﬁﬀﬂ&(ﬁ71(ﬁÄŁÔÉµ"ﬁ+«ÁÁaÁÁÁaÁÁaÁÁÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁ7µ2v»






ﬁ@Á ¹.Á »(Á ¹
k
ÅÆup5v/mÕsÁÁÁaÁÁ7ÁaÁÁaÁÁÁaÁÁaÁÁÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁ7µ26ﬃ
a9%J:  ?QﬀK 9%J 	  
gfK   K 9ÒA"
  .K = 	 54

~Å




µ'ÁIµ Ã756ﬃ(1(ﬁ"&(G(q s@/mtP&(ﬁﬀ´ﬁ"´)0ﬁ"&(V!56ﬃ(t $'wWﬀﬁbp5v´$6O"!5v/0$'ﬃ2p5v/m6Á­ÁaÁÁÁaÁÁ7ÁaÁÁaÁ ﬂ
µ'Á ¹
Í


















/0wW/m!ﬁ"ﬂﬁﬀtP&(/0ﬂﬁﬀ´O$6&()0ﬁ"²5vﬂs@wh!ﬂ/0ﬁﬀﬁ´)0ﬁﬀG1(/ $ "ﬁ"ﬃ(lﬀﬁ"´1ﬁﬀ´p56!5vwhÈ!ﬁ"ﬁ 56/0ﬂlﬀﬁﬀ56&_Á Áﬂv»
¶Á,¶
¾






5SÓ'ﬁﬀl)0ﬁb1"É5v/0) 1ﬁalÉqp5vt@&ﬁa1(!ﬁ"l"!ﬁ"&(´ﬁ"G)0ﬁ"&($6whwWﬁbO$6ﬃ(1(ﬀﬂﬀﬁp56ﬂOﬁ"l"!ﬂ$'wWÈ"!ﬂﬁ6Á ÁaÁ 76º
¶Á!ﬁ
¾





















o¡o|Ä Ð ÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁaÁÁaÁÁÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁ 7:7
¶Á  Ärﬁ"&(GÆs.Æ!"w¦5v/0tP&(ﬁ"~56ﬂ$@lﬀ/mﬀﬁﬀ´56&@Ñ456ﬂs@wW"/0ﬁ"G1(ﬁbÓ./m$') 5R!/0$6ﬃ¦1(ﬁ7p56ﬂ/m ÁÁ7ÁaÁÁaÁ7µ>º6º
¶Á 7 ÄŁÑﬁﬀﬂ/m$'ﬃa1ﬁﬀ;p5656wWÈ"!ﬂﬁﬀ;/mﬃPﬁﬀÆÓ'ﬁﬀﬃ(56ﬃ 1(56ﬃ(;)0ﬁ
Ë




!/- ´$6ﬃP²)0ﬁ"²Óv56)mﬁﬀ&(ﬂ²ﬂ&(/mÓv56ﬃ !ﬁ"#n         ﬀ    ﬂﬁﬃ+     
!#"%$










    ﬂﬁ3.Á ÁaÁÁ7ÁaÁÁaÁ7µ>º'¹
»(ÁIµ
¾
"&(wW~1ﬁﬀVl"$'&((&(ﬂﬁﬀV&.!/0)m/0ﬂﬀﬁﬀ¡ﬁ")0ﬁ"&(zﬁ$ ﬁVﬂ&(V) * ﬁﬀﬃﬁﬀw#-()0ﬁ´1(ﬁﬀ1($'ﬃ(ﬃ("ﬁﬀ"Á
Ë
5aÓv56)0ﬁ"&(
!$6!56)0ﬁ~ﬁÑ.lﬀ)m&(ﬁ7)0ﬁﬀG1($6&(-()0ﬁ"lﬀ$'wW!563'ﬁﬀG1_* "Ó6ﬀﬃ(ﬁ"whﬁ"ﬃ !~ﬁ"ﬃ !ﬁ7)mﬁﬀGlﬀ$'&(&(ﬁ"ﬀÁOÁaÁÁ7ÁaÁÁaÁ7µ ¹+





À'&')m)0ﬁﬀﬁ"G)0ﬁbﬂﬀﬂ&()m!5v´ﬁﬀﬃ]5>Ó6ﬁﬀ&(36)0ﬁ7O$6&() 5¸ﬂﬀ3'ﬂﬁﬀﬂ/0$'ﬃ4ﬁ"´)05¸wh!q($@1(ﬁb1(ﬁ7wW$.1(&) 5v/0$'ﬃ_Á µ>¶#
















»(Á!ﬃ Ç56-()mﬁS56&7ﬁ"3'$6&(p56ﬃ B)0ﬁ"_1(/ $ "ﬁﬀﬃ L1"!ﬁ"l"ﬁﬀ&(ﬂL1$'ﬃ B) *,56ﬂs@wW"!ﬂ/0ﬁ ﬁ"ﬂL56ﬂ$@lﬀ/mﬀﬁbV) * ﬁﬀÆ!/mw¦5v/0$'ﬃ
1(ﬁ"#l"$'ﬂﬁﬀl"/0$'ﬃa1(ﬁ"#p5v!56wWÈ"ﬁﬀ"B1(ﬁﬀlﬀ$'ﬂﬁ"l"!/m$'ﬃ(7!$6!56)0ﬁ"7&(a) *,56ﬃ(ﬃ(ﬁﬀ56&À &')0)mﬁﬀ^ 1(&
56(%$'ﬂ ﬁŁ1ﬁz)05GÓv56)mﬁﬀ&(;1(ﬁz) * ﬁﬀﬂﬁﬀ&LÆs@ﬂ!"w¦5R!/0tP&(ﬁ¡%$'&(B)0ﬁ"ﬂ/IÑp5656wWÈ"!ﬂﬁﬀ  56/mlﬀﬁﬀ56&_Á
Ë




»(Á 7 Ärﬂﬁﬀ&(GÆs.Æ!"w¦5v/0tP&(ﬁbﬂ&() 5#l"$'ﬂﬁﬀl!/0$6ﬃ21(ﬁﬀGp5656wWÈ"!ﬂﬁﬀ( 5v/0l"ﬁS56& Á
Ë
5¸lﬀ$'ﬂﬁﬀl!/m$'ﬃ2ﬁﬀÆ
l"$'ﬃ(/m1(ﬀﬂﬀﬁ/0l"/_lﬀ$'wWwWﬁ×ﬃP&()0)mﬁblS56Gﬁﬀ)m)0ﬁ×ﬁ"ﬂ´ﬁﬀﬃŁ 56/I1(W e·ﬁ $Oﬁﬀl!&("ﬁa(56G) 5¸"3'ﬁ"ﬂ/0$'ﬃ_ÁWÁÁµ2ﬁ#ﬂ
»(ÁIµ>º
¾








%$'&()mﬁﬀ!ﬂ$'/0V56ﬃ(ﬃ(ﬁﬀ56&.Ñ41(ﬁ7) 5¸l"$'&(ﬂ$'ﬃ(ﬃ(ﬁaÀ'&')m)0ﬁ" ÁÁÁaÁÁ7ÁaÁÁaÁÁÁµ ﬂ'º
»(ÁIµ ¹ -Ò56l!ﬁﬀ&#1ﬁh1(/m)0&/0$'ﬃ ﬁ#l"$'ﬂﬁﬀl"/0$'ﬃ[])+* 56Æs@wh!/mﬁf1(ﬁﬀa-(&/m!1(ﬁL $'ﬃ(1l"$'ﬃ !ﬂ/0-(&p5vﬃP
56& p&.ÑDÀ'&')m)0ﬁ"ﬀÁ
Ë







)05·wWﬁﬀﬂ&(ﬁ71(ﬁ"h 56l"ﬁﬀ&(ﬂ²1(ﬁ $'ﬂwhﬁ~1(ﬁﬀ´tP&p56 /P´"!56ﬃ(36ﬁﬀﬀÁpÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁµ2ﬃ#
ﬁ.Á ¹
Ë












5SÓ'ﬁ"l¸ﬀ)mﬁﬀl!$6ﬃO$6/m$'ﬃ41p56ﬃ~) * "!5vﬃpﬃp56)Lﬁ"~O$'&²)05WwW$>s'ﬁﬀﬃﬃ(ﬁ¸&~)0ﬁ"´$'/m 5vwh/m)0)0ﬁ"
1(ﬁ~)0ﬁﬀ.!$'ﬃ(  q s@O$v!q(È"ﬁb1(ﬁ²) * &(ﬃ(/mÓ6ﬁﬀﬂ!56)m/m!8Á.u.ﬁ"&() )mﬁ²l"$'&(()0563'ﬁ~%$'&(¡)0ﬁ"tP&(ﬁﬀ)O) *,56ﬂs@wW"!ﬂ/0ﬁ
À'&6)0)0ﬁ"VﬁﬀÆ~ﬂﬁﬀﬃ(ﬂ/0-()mﬁ4 Õs@%ﬁ Vﬁﬀﬂ´(ﬂﬀﬂﬁﬀﬃ !vÁ ÁÁaÁÁ7ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁµ  ﬁ
×ÅﬂÅÅ






















/ 5v3'!56wWwWﬁ1(&lﬀ$6&(!56ﬃ ")0ﬁ"l"!ﬂ$'wh563'ﬃ(!/0tP&(ﬁﬁﬀﬃ1(/%$O&(/m$'ﬃ") 56Æ!/mt@&ﬁ)+*,$61(ﬂﬁ1(ﬁ
) *,56-ﬁﬁr1(/0563'!5vwhwWﬁz"tP&(/mÓv56)mﬁﬀﬃ  ﬁ"ﬃWl"$'&(56ﬃ _ 56/0-)0ﬁﬃﬁﬀ&ﬁ6Á
Ë
ﬁ" $6ﬃ(1(rﬁﬀﬃf%$'/mﬃP/0)m)0ﬀﬁ"
ﬁ"("ﬁﬀﬃ ﬁﬀﬃ ×)05¸lﬀ/0-)0ﬁbtP&(/;%ﬁﬀ&"ﬁ7%$'ﬃ(l"&(ﬁﬀ)m)0ﬁb$'&(ﬂﬀﬂﬁﬀﬃ !ﬁ"²&(ﬃﬁaÆ!&l"!&ﬁ7/0ﬃ !ﬁ"ﬃ(ﬁvÁ µSº
µ'Á,¶
k
/ 5v3'!56wWwWﬁ~1(ﬁ71(/ $ &(ﬂ/0$'ﬃ2") 56Æ!/mt@&ﬁ ( f) * $'ﬂ1(ﬁb1(ﬁ7)+* 56ﬂ-(ﬁvÁDÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁ µ6µ
µ'Á »
k
$'ﬃ(ﬃﬀﬁﬀ]wh$6ﬃ(1(/ 5v)0ﬁﬀ¦1(&  56l!ﬁ"&(]1ﬁ $'ﬂwhﬁwh563'ﬃ"!/mtP&(ﬁ 1(&(ﬂ$6!$6ﬃﬃ($6wh56)0/m56&
1(/0 ')mﬁ  	
5SÓ'ﬁ"l¦)0ﬁ"a(56!56wW"/m!5v/0$'ﬃ1(ﬁhoÁ#ﬃ$6ﬂ!ﬁ"1  ¶ ﬃ   %$'/mﬃP/0)m)0ﬀﬁ"0~ﬁ¸ÄÁ
ﬃ!5vq  »ﬂ7  !56/I()0ﬁ"/0ﬃﬀÁÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁaÁÁaÁÁÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁ µ2ﬁ
µ'Á!ﬁ À]ﬁﬀﬂ&(ﬁ"71(&y 56l"ﬁﬀ&(b1(ﬁ& $6wWﬁ¸ﬀ)mﬁﬀl"/mt@&ﬁ¸1(& ($v!$'ﬃ5SÓ'ﬁ"lW)mﬁﬀ×wW"q($@1(ﬁﬀb1(ﬁf%$')056/ Ô
!5v/0$'ﬃ21ﬁﬂﬁﬀl"&()Bﬁ"´1(ﬁ
g'aBa3Y:EX^*0)+587
 ﬁ6º  Á ÁÁaÁÁÁaÁÁaÁÁÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁ µ ﬂ
µ'Á ﬂ À]ﬁﬀﬂ&(ﬁ·-p56 ²1(ﬁﬀg 56l!ﬁﬀ&´1(ﬁ $'wWﬁ        Vﬁ"%ﬁﬀl!/  ´1(&4($v!$'ﬃ4ﬁ"
1(&·ﬃ(ﬁﬀ&.!$6ﬃ_Á
Ë



























/%$O&(ﬂ/0$'ﬃ2") 56Æ!/0tP&(ﬁ (jp56"lÉqp56ﬃ(36ﬁa1(ﬁ ﬀÁ ÁÁaÁÁaÁÁÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁ µ 
















/ 5v3'!56wWwWﬁﬀ#"$ ﬁ"wW$'whﬁ"ﬃ 56ﬃp56%$') 5v/0ﬁa1(/0ﬂﬁﬀl!7/0ﬃ !ﬁ"ﬂÓ6ﬁﬀﬃp56ﬃ a1p56ﬃ(7)mﬁﬀ7lﬀ$'ﬂﬁ"l"!/m$'ﬃ(
!561/ 5v/mÓ'ﬁ"Ł1(ﬁ) 5~lÉqp5v3'ﬁ( 5v/0-()mﬁz1(ﬁ) * ﬀ)0ﬁ"l"$'ﬃ  )0ﬁ" 1(/ 5v3'!56wWwWﬁﬀBlﬀﬂ$'/0ﬂﬀ ﬂ$'ﬃ |ﬀ3 56)mﬁﬀwWﬁﬀﬃ 














5SÓ'ﬁﬀl) 5¸$! ﬂﬁ"l"!/m$'ﬃ1(ﬁ7) 5fwWﬁﬀ&ﬁ71_*,Ä Ô!µ"ﬁ#fﬁ"G)05fwhﬁ"&(ﬂﬁa5v&4 ')mﬁ6Á×ÁÁaÁÁÁaÁÁ7ÁaÁÁaÁj¶6º
¹.ÁIµ u.lÉq("w¦5f1(ﬁﬃ(/mÓ6ﬁS56&@Ñ1_* &(ﬃ]l"/mﬂÉ5v)_1_*
Ì
ﬂﬀﬃ(/m&(ﬁ71(ﬁ#Ã756)0)m/0&(w l"$'ﬃ !!5v/0ﬃ SÁ ÁÁaÁÁ7ÁaÁÁaÁj¶#ﬂ




¹.Á,¶ ¡56)mﬁﬀ&(1(ﬁb) * ﬁ+WlS5vlﬀ/m×tP&p56ﬃ !/mtP&(ﬁ71_*,&ﬃ(ﬁ7(q($6$.lﬀ5v!q($@1(ﬁ×&.!/0)m/0ﬂﬀﬁ~%$'&(VÄ Ô!µ"ﬁ#¸wWﬁﬀﬂ&("ﬁ
ﬂ&( &(ﬃ(ﬁzO"/m$.1(ﬁ¡1_* &(ﬃfwW$'/0Bﬁﬀﬃ Ó@/0ﬂ$'ﬃ_Á
Ë
ﬁ" pÈ"lÉq(ﬁﬀrwh56ﬂt@&ﬁﬀﬃ  )mﬁﬀŁ56& 1p56ﬃ()0ﬁ"Óv56)0ﬁ"&(
1(ﬁb)+*,ﬁ +WlS56l"/m!~t@&/_&(ÆÓ@/0ﬁﬀﬃﬃ(ﬁﬀﬃ ´56(ﬂÈﬀV!56/I!ﬁﬀwWﬁﬀﬃ ﬀÁÖ´$'&(%$'&Ó'$6ﬃ(lﬀ$'ﬃﬂÉ5R!ﬁﬀ&ﬃ23 56/0ﬃ
1p5vﬃ(7) 5
 
Ä 2lÉqp56tP&(ﬁR $'/0btP&(ﬁ·) * $'ﬃ "OÈ!ﬁ·)0ﬁ¸!56/I!ﬁ"whﬁ"ﬃP×t@&/z5vwh")0/0$6ﬁ#)05Dlﬀ$'ﬃlﬀﬁﬀﬃ@Ô
!5v/0$'ﬃ21_* /0wW(&(ﬂﬁ"ﬀf) 5f&(t 56lﬀﬁ71(&4lﬀﬂ/0ÆÉ56)+Á ÁÁaÁÁ7ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁj¶97
¹.Á » oL$') 56ﬂ/05v!/m$'ﬃ4 %$'/0ﬃ ;ﬁÑ.O"/mwhﬁ"ﬃP!56&.Ñ
;ﬁ"Lﬁ+WlS5vlﬀ/m|t@&(56ﬃ !/0tP&(ﬁ  l"$'&(ﬂ-Oﬁ8B1_* &(ﬃ(ﬁ¡(q($v!$vÔ
lﬀ5v!q($@1(ﬁzwhﬁ"&(ﬂﬀﬁﬀ 5>Óv56ﬃ Ł)0ﬁ¡1(ﬀ-(&. 1(&¸ﬂ&(ﬃ#ÅﬂÅÅ;1_*,ÄŁÔÉµ"ﬁ+Á
Ë
5pÈﬀlÉqﬁV/0ﬃ(1/0tP&(ﬁ¡) 5G)0$'ﬃ(36&(ﬁﬀ&(
1_* $'ﬃ(1ﬁa1(&4) 5vﬁﬀtP&(/;wh5RÑ./0wW/0ﬂﬁ~)05ﬃ(3'&(ﬁb1ﬁwWﬀﬂ/mﬁ6ÁpÁ7ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁ » º
































¹.Á!ﬃ 5ﬂ|u.lÉqﬀwh5aﬁ"("ﬁ"ﬃP!56ﬃ V)mﬁV!!5vﬃ(%$'ﬂ¡1(ﬁ´) * $'ﬃ(1ﬁ() 56ﬃﬁ´1&h)056ﬁ"rb!5SÓ'ﬁﬀﬂz)mﬁGﬂs@ﬂÈﬀwWﬁ
$'.!/0tP&(ﬁ|1(ﬁ|)05Gﬂ$'&(ﬂlﬀﬁb 56/0ﬂlﬀﬁS5v&_Á
Ë
5´l"$'wWO$'56ﬃ !ﬁ|"/m1(&(ﬁﬀ)m)0ﬁr/mﬃ(1(&(/m!56ﬃ B&(ﬃ(ﬁ|%$') 5v/05v!/m$'ﬃ
)mﬀ3'È"ﬁﬀwWﬁﬀﬃ ²ﬁﬀ)m)0/0.!/0tP&(ﬁ~ﬁﬀﬂO·) * $'/m3'/0ﬃ(ﬁ²1(ﬁ) * ﬁ $Oﬁ" ﬀorÅÕÇ
Ì






l"ﬁﬀ)0)m&()0ﬁ~1(ﬁo$@l0/6ﬁﬀ)m²%ﬁﬀﬂwhﬁ´1_*,$6-!ﬁ"ﬃ(/0&(ﬃﬁ%$')056/m!5v/0$'ﬃhlﬀ/0ﬂlﬀ&()056/0ﬂﬁ 797 2Á·ÁÁaÁÁÁ »1ﬁ
¹.Á  u.lÉqﬀwh57ﬂ/0wW()0/-ﬃp¡1_*,&ﬃ(ﬁ-O$6&(lﬀ)mﬁV1(ﬁ!ﬂ$ 56l"/0$'ﬃ#O$'&r) 5~wW/0ﬃ(/mwh/m!5v/0$'ﬃb1ﬁ) *,56ﬂs@wW"!ﬂ/0ﬁ
ﬁ"ﬃ]l"$'&(!5vﬃPﬀÁ ÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁaÁÁaÁÁ7ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁ » 






wWﬀ1(/056/0ﬂﬁfﬁﬀÆ#$'-.!ﬁﬀﬃP&(ﬁh1p56ﬃ()0ﬁ·lﬀ56a1 *,&(ﬃﬁ¦lﬀ$6ﬁ"l"/0$'ﬃp567-%$'&(lﬀ)mﬁh1 * 56ﬂﬁ"ﬂÓ@/0ﬂﬁﬀwWﬁﬀﬃ ﬀÁ
Ärﬃ %$'/mﬃP/0)m)0ﬀﬁ²ﬁﬀÆ~ﬂﬁﬀ(ﬂﬀﬁ"ﬃ !ﬀﬁ#) 5f"$')m&!/m$'ﬃ2/0ﬃ !ﬂ/0ﬃ(ﬂÈﬀtP&(ﬁ1(ﬁﬀ´wW$'ﬃ(/mﬁﬀ&(ﬂtP&(/B1(ﬁ"Ó@/0ﬁ"ﬃ 
)+*,"lÉq(ﬁﬀ)m)0ﬁW1(ﬁﬀp&(l"&p5v/0$'ﬃ(1(ﬁW) 52Óv56)0ﬁ"&(7wh$>s'ﬁ"ﬃ(ﬃ(ﬁhlﬀ$'ﬂ/036ﬀﬁ]p56Æ!/m1 *,&(ﬃ!ﬁ"wh(ÕÁ
Ë
* ﬀlÉq(ﬁ")0)0ﬁ71(ﬁ7lÉqp5vt@&ﬁaﬁ"ﬃPÓ6ﬁﬀ)m$'(%ﬁaﬁ"ﬂ´/0l"/;56-/m!56/0ﬂﬁ6Á Á7ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁ ﬁ6º
¹.ÁIµ>ºÄŁÑ.ﬁﬀwW()0ﬁb1ﬁ×lﬀ$'ﬂ") 5v/0$'ﬃDﬁ"ﬃ !ﬁb)+* 5vﬂs@wh!ﬂ/0ﬁ~1ﬁ×É56&.Ñ¦1(ﬁbl"$'wh.É563'ﬁ~1p56ﬃ()mﬁ~1(!ﬁﬀl!ﬁ"&(
1_*,ÄŁÔÉµ"ﬁ+ﬁ"¦) 5 1(/%$Oﬀﬂﬁﬀﬃ(l"ﬁﬁﬀﬃ"ﬃ(ﬁﬀﬂ3'/0ﬁ]whﬁ"&(ﬂﬀﬁvÁ
Ë




ﬂ$'&(ﬂ!56l!/m$'ﬃ]1ﬁl"ﬁ"ﬂ!ﬁ7lﬀ$'ﬂ") 5v/0$'ﬃ2p5v) 5f"3'ﬁ"/m$'ﬃ)0/mﬃ(S56/mﬁvÁ.ÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁ ﬁ.µ
¹.ÁIµ'µu.lÉqﬀwh5W1(&4(ﬂ/0ﬃ(l"/0%ﬁb1(ﬁ7) 5¸wW$.1(&) 5v/0$'ﬃD1ﬁ 5v/0l"ﬁS56& ÁÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁ ﬁ'¹




ﬁ"ﬁﬀﬃ /6$>Ó1(ﬁa) * ﬀ)mﬁﬀl"$'ﬃ4/0ﬃlﬀ/01ﬁﬀﬃ SÁ
Ë
* 56ﬃ3')0ﬁ71_*,5v!56tP&(ﬁ#1$'/md"ﬁaﬁﬀ)LtP&(ﬁ¸) *,56ﬃ(36)0ﬁ























tP&(/;wh/mﬃ(/0wW/0ﬂﬁ²)+* 5vﬂs@wh!ﬂ/0ﬁ×ﬁ"ﬃ lﬀ$6&(!56ﬃ ﬀÁ ÁÁaÁÁÁaÁÁaÁÁÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁﬂ6ﬁ
¶Á » 5ﬂfu.lÉq("w¦5 1(&[ﬂs@ﬂÈﬀwWﬁÅ
Ì
Ár-ﬀ¸ÅÕﬃ !ﬁ"ﬃ(/I!1(&[) 56ﬂﬁﬀR ) 5$6ﬂ!/mﬁ21(&[ﬂs@ﬂÈﬀwWﬁ]Å
Ì
ﬁﬀﬃ
 $'ﬃ(l!/0$6ﬃf1(ﬁG) 5bqp56&ﬁ!ﬁﬀﬃ/0$6ﬃh5v(()0/mtP&(ﬀﬁb) 5×l"ﬁﬀ)0)m&()0ﬁ1ﬁ²oL$.l0/vﬁﬀ)mzﬂﬁﬀlﬀ$6ﬃ(1p56/mﬁGO$6&(r1(ﬁﬀ


















w¦5v/0Łl"ﬁ"ﬂ!ﬁ  $'/m lÉqp56tP&(ﬁG%$'/0ﬃ rﬂﬁﬀ(ﬂﬀﬁ"ﬃ !ﬁ´) 5×wW$ s6ﬁﬀﬃ(ﬃﬁ1(ﬁﬀ(&/0|)0ﬁV1ﬀ-(&|1ﬁ) 5×lﬀ$6ﬁ"l"/0$'ﬃ_Á ﬂ:7





$'ﬃ Ó'ﬁﬀﬂ3'ﬁﬀﬃlﬀﬁbp56t 56/mﬁ1p56ﬃ(z) * ﬁﬀﬃ Ó'ﬁ")0$'Oﬁ²ﬁﬀﬃ µ6ÖaÁP-ﬀ ﬃ&!"ﬁ~1(&hﬂs@ÆÔ
!È"whﬁb1(ﬁbl"$'ﬂﬁﬀl!/0$6ﬃ4$>Ó'$@tP&(ﬀﬁp56&(ﬃﬁ1ﬀ/IÓ'ﬁ ﬁ  	1ﬁ)+* 5vﬂs@wh!ﬂ/0ﬁ×1(ﬁ7lÉqp5v3'ﬁvÁ ﬃvº
¶Á 7 ÅÕ)0)m&(ﬂ!5v/0$'ﬃ1ﬁ)05 lÉq(/0lﬀ56ﬃ(ﬁ
Í
$'wW!$'ﬃ  µ>ºµ O $'wWﬀﬁ 1(ﬁ"4tP&p5R!ﬁtP&p561(ﬂ&( ')0ﬁ"ﬀÁ
Ì
&











ﬁbﬁ"ﬃ(G1(ﬁb) * ﬀl"$'&()0ﬁ"whﬁ"ﬃ 1(&p&(/m1(ﬁbﬁﬀÆG/0ﬃ(1(/mtP&(×p56)0ﬁﬀ (ÈﬀlÉq(ﬁ"
















/0%$'ﬂ/m!/m$'ﬃ1ﬁﬀDwW$'ﬃ(/I!ﬁﬀ&¦1ﬁ)0&(wW/0ﬃ$'/I!456&$'&(D1(ﬁ ) 5)m/03'ﬃ(ﬁŁ 56/mlﬀﬁﬀ56&_Á
k
56ﬃ(
) * ﬁﬀﬃ(lﬀ56ﬂ^.ﬁ"ﬃD-p56ﬁ#1($6/m!ﬁ²&(ﬃ(ﬁ~Ó@&(ﬁ~1(ﬁ×) * /0ﬃ ﬀ/mﬁﬀ&(|1(&D&(-%ﬁaÓ@/01(ﬁ²wh$6ﬃP!56ﬃ ) 5a(56ﬂ/0ﬁ
56l"/mÓ6ﬁr1(ﬁrlﬀﬁ"LwW$'ﬃ(/I!ﬁ"&("Áﬀ-ﬀ-Ł/m3'&(ﬂﬁŁwW$'ﬃ !!5vﬃPB)05) 5v3'ﬁ"&(_ﬂ!5v!/mﬂ/0tP&(ﬁr1(ﬁrlÉqp5vt@&ﬁ¡wW$'ﬃ(/ Ô
!ﬁ"&(r1(ﬁG)m&(wh/mﬃ($'ﬂ/m!¡ﬁﬀﬃ $'ﬃl"!/m$'ﬃf1(&Wlﬀ$'&!56ﬃ |1(& 56/mlﬀﬁﬀ56&·O$6&(r) 5~l"/0-()mﬁV1_* q s.1$'3'È"ﬃ(ﬁ6Á
Í
ﬁ"ﬂ!ﬁ¦ﬂﬀﬂ$')0&/0$'ﬃ !ﬂÈﬀa"!ﬂ$'/mﬁ;1(ﬁh) * $'1ﬁ·1(ﬁ2¹vº'º4(w 




wh$6ﬃ(/mﬁﬀ&(ﬂV/0ﬃ(1/0tP&(ﬁb(ﬂ$'-p56-()mﬁﬀwWﬁﬀﬃ G&(ﬃ4-(&/mG1(ﬁ $'ﬃ(1")0ﬁﬀl!ﬂ$'ﬃ(/0tP&(ﬁ7")0ﬁ"Ó66ÁÁaÁÁ7ÁaÁÁaÁ ﬃv¶
¶ÁIµ ¹|&(ﬁlÉqﬀwh5v!/mt@&ﬁ1(ﬁ 1(ﬁﬀﬂ&(41_* &(ﬃ 56/0wh56ﬃ uÄ|orÇ
½
À 5SÓ'ﬁﬀl &(ﬃﬁ/0ﬃ(1(/mlS5v/0$'ﬃ1(ﬁ) 5












1_* /0ﬃ(l")0/0ﬃ(56/0ﬂ$'ﬃ21(&4(/0lﬀ)056ﬂ/0tP&(ﬁ7ﬁﬀﬃ $'ﬃ(l"/0$'ﬃ1(ﬁ) 5·ﬃp5v&(ﬁ71(ﬁ) 5·lﬀ/m-()0ﬁvÁ
Ë
5W1/0wWﬁﬀﬃ(ﬂ/0$'ﬃ




ﬀ%ﬁﬀﬃ1p56ﬃ(l"ﬁa1(ﬁ7)05·ﬂﬀﬂ$')0&/0$'ﬃ   ﬁﬀﬃŁ $'ﬃ(l"/0$'ﬃ21&]ﬃ($6w¸-(ﬁb1ﬁ) 56tP&(ﬁ"´1ﬁaﬂ/0)0/mlﬀﬁvÁ
o$'&´lÉq(56tP&(ﬁa%$'/mﬃP^ﬃ($6&(~5SÓ6$'ﬃ(Glﬀ$'ﬃﬁﬀÆÓ'a) * ﬀp56/mﬂﬁﬀ&(V$6É56)mﬁb1(ﬁ7) *,56-(ﬂ$'-%ﬁﬀ&("Á¬ÁaÁÁaÁ6º
Ð~Å
¶ÁIµ"ﬃ|&(ﬁ7ﬁ"ﬃ]l"$'&(%ﬁ1&]wW$.1Èﬀ)0ﬁﬃ(ﬃp56)_1_* &(ﬃ4ﬁ"3'whﬁ"ﬃ ~1(ﬁ71(!ﬁ"l"!ﬁ"&(ﬀÁ ÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁµ
¶ÁIµ2|&(ﬁﬂlÉq(ﬀwh5v/0tP&(ﬁ1(&·-p56ﬃlVlﬀ$'ﬂwh/mtP&(ﬁVﬀ56)0/mV%$'&()0ﬁ" !ﬁﬀÆ!r1(&f1"!ﬁ"l"ﬁﬀ&(|1_* ﬀ)mﬁﬀl"$'ﬃ
hu56l") 5Ss'Á ÁÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁaÁÁaÁÁ7ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁ ¹
¶ÁIµ 75ﬂ
Ì
ﬂ!"ﬃ@&(5v!/m$'ﬃ1&ﬂ/03'ﬃ(56) )0&wh/mﬃ(ﬁﬀ&.Ñ ﬁﬀﬃ $'ﬃ(l!/m$'ﬃ1(ﬁ·) 5D1(/mﬂ!56ﬃ(lﬀﬁL2) * ﬁÑ@ﬀwW/m¸1(ﬁ"
()056tP&(ﬁﬀG1(ﬁ7tP&p56Æ 6vÁ%- u.ﬁﬀﬃ(ﬂ/0-(/m)0/I!f) *,56ﬃ(36)0ﬁ×1_* /0ﬃlﬀ/01ﬁﬀﬃ(l"ﬁ1ﬁﬀGp56Æ!/0l"&()0ﬁ"ﬀÁWÁ7ÁaÁÁaÁÁÁ ¹
¶Á ¹6º5ﬂ
k









")0ﬁﬀl!ﬂ$'ﬃ(G1(ﬁa¹+,¶ ﬁ·Ã7ﬁ¢ 56(ﬂÈﬀGlﬀ$6&((&(ﬂﬁﬀ´ﬁ"GlS5v)0/0-!5v/0$'ﬃ_Á ÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁ'¶
¶Á ¹.µ
Í

















1(/ $ &/0$6ﬃW") 56Æ!/mt@&ﬁ&(¡) * q(ﬀ)m/0&(w4Á    l"$'ﬂﬁﬀ%$'ﬃ(1(56ﬃ (7&(ﬃW&(ﬃW1(ﬁGlﬀ/m-()0ﬁ Ó./m1(ﬁﬂ5SÓ'ﬁ"l
1(ﬁ" p56ﬂ$'/0B()m&(Ł"p56/mﬁ"ﬀÁ
Ë
ﬁﬀŁ1ﬁﬀ&.Ñ#%ﬁﬀl!ﬁ" ﬃ_* $'ﬃ  1($6ﬃ(lp5vŁ) 5GwLﬀwWﬁ¡ﬃ$'wh56)0/m!5v/0$'ﬃ Á
k
5vﬃ(7) * ﬁﬀﬃ(lﬀ56ﬂbﬃ$'&(b%$'&Ó'$6ﬃ(71(/0Æ!/0ﬃ3'&(ﬁﬀ²)0ﬁ"b(ﬁ"wh/mﬁﬀ~ﬃ(/mÓ6ﬁS56&.ÑﬁÑ.lﬀ/I!"1&lﬀ56-%$'ﬃ(ﬁ
tP&(/Bﬁ"ﬂÓ6ﬁﬀﬃ ·lS5v)0/0-ﬁﬀ) * ﬀlÉq(ﬁ")0)0ﬁbﬁ"ﬃ]/mwh&()0ﬂ/0$'ﬃ_ÁeÁaÁÁ7ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁ 7 ¹
¶Á ¹#ﬂ
k
/mﬂ/0-&!/m$'ﬃ1(ﬁ"fﬀ)mﬁﬀl"$'ﬃ¸1(/%$O&(ﬂﬀf&¸) 5 l"/0-()mﬁ¦1_* q(")0/0&w5v&() 5vﬃ[ $.lﬀ56)1&
Î~¾
u




56&4()056ﬃ. $.lﬀ56)_ﬁﬀÆ´wh/mﬁ×ﬁ"ﬃ "Ó@/m1(ﬁﬀﬃ(l"ﬁ7p56G)0ﬁ")0/036ﬃ(ﬁﬀVÓ6ﬁﬀﬂ/0lﬀ56)0ﬁ"aÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁ 7'¶
¶Á ¹6ﬃÇ56&.Ñ¦1(ﬁ~l"$'wWÉ5636ﬁ´ﬂﬁﬀ)05v!/-_1p56ﬃ)0ﬁ´1(!ﬁﬀl!ﬁ"&(Vﬁﬀﬃ $'ﬃ(l"/0$'ﬃh1(ﬁ~)057Óv56ﬂ/ 5v/0$'ﬃ·1(&¦lÉqp56wW
1(&41(/m ')mﬁ×1(&4%ﬁﬀl!$6whÈ!ﬁvÁ ÁÁ7ÁaÁÁaÁÁÁaÁÁaÁÁ7ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁ 76»
















%$'&Ó6$'ﬃ(1(/mﬂ!/mﬃ(3'&(ﬁ"z)mﬁ~(/ml~") 56Æ!/0tP&(ﬁ~56&G $'ﬃ(1¦ﬁ")05a-%$'ﬂﬁ×tP&p56/ ÔÕ") 56Æ!/0tP&(ﬁvÁ.- 
k
/mﬂ!ﬂ/IÔ



























5vﬃ(G) * ﬁﬀﬃ(lﬀ56ﬂGﬁ"ﬂ²/0)0)m&(ﬂ"ﬁ×) 5¸Æ!&l"!&ﬁ1(& 5v/0l"ﬁS56&1_* ﬀ)mﬁﬀl!$6ﬃ(ﬀÁ ÁÁÁµSº ﬁ
Ð~ÅÅ





) 52$6&(l"ﬁhﬁa1ﬁh)+*,$'.!/0tP&(ﬁ·)056ﬁ"b$'ﬃ aﬀ(56"#1(ﬁW) 52p56Æ!/mﬁflS56ﬃ($6ﬃﬀ)0ﬁ"l"$'ﬃ(7%$'&(
1(ﬁﬀ¡!5v/0$6ﬃ(z!5v/0tP&(ﬁﬀ  wh56/mﬃPﬁﬀﬃp5vﬃ(lﬀﬁGﬁ"z"lﬀ&(ﬂ/m~(ﬂ/0ﬃ(l"/0p56)mﬁﬀwWﬁﬀﬃ  Á Är)0)mﬁﬀ|$'ﬃ zﬁ")0/0"ﬁﬀ
p56&(ﬃ!&-Oﬁb!56ﬃ(ﬂO$'ÆÉ56ﬃ G)mﬁ 56/0ﬂlﬀﬁS5v&41ﬁ)+*,&ﬃ(ﬁ@·)+* 5v&!ﬂﬁb!56)m)0ﬁ6ÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁ7µ>º6ﬃ
»(Á,¶ 5ﬂr¡56ﬂ/ 5v/0$'ﬃ(ﬁﬀ)05v!/IÓ'ﬁ"´1ﬁ)05fﬁﬀl!/m$'ﬃ]ﬁ +WlS56l"ﬁ#ﬁ"´1(ﬁ7)+* 56Æs@wh!/mﬁÀ'&')m)0ﬁﬀﬁ"ﬃ $6ﬃ(l"/0$'ﬃ
1(ﬁ7) *,56ﬃ(3')mﬁ~1(ﬁ1(/ $ &(ﬂ/0$'ﬃ21(56ﬃ(G)0ﬁbﬂ" ﬀﬂﬁﬀﬃ !/mﬁﬀ);1(&4lﬀﬁ"ﬃ !ﬁ1(ﬁ7wh56ﬂﬁ6Áp-ﬀ-Ł/m3'&(ﬂﬁb1(ﬁ7wh"/mﬁ6Á>µ>º:7





»(Á!ﬁ |&(ﬁVﬂlÉq(ﬀwh5v!/mtP&(ﬁV1p56ﬃ )0ﬁ¡() 5vﬃ¸q($'ﬂ/6ﬀ$6ﬃP!56)@1(ﬁﬀ ")0"whﬁ"ﬃP 1(&fﬂOﬁ"l"!ﬂ$'wWÈ"!ﬂﬁ(ﬂ$>Ó'ﬁﬀﬃ(56ﬃ 
1(&lﬀ$@1(ﬁb1(ﬁ7/mw¸&()05v!/m$'ﬃD5SÓ'ﬁ"l7)0ﬁﬀV!5 ﬂﬁ"l"$'/0ﬂﬁﬀ%$'&(1(ﬁ"&.Ñﬀ)mﬁﬀl!$6ﬃ(/0ﬂ&(G1(ﬁb)05¸1(/%$O&.Ô
/m$'ﬃ]À'&')0)mﬁﬀ5v&.Ñ456ﬃ(36)0ﬁﬀ)m/0wW/mﬁﬀ1ﬁ»·ﬁ ﬃ¸wW!561  ﬁﬀﬂOﬁ"l"/mÓ'ﬁ"whﬁ"ﬃ aµﬀ»hﬁ²¹v»hÃ7ﬁ¢Á·ÁaÁ7µ'µ>¹








Ö´ÇG¶a1(& p&.ÑW1(ﬁ²p56ﬂ/0l"&()0ﬁ"b $6ﬃ(l"/0$'ﬃW1(ﬁ´) 571(/0ÆÉ56ﬃ(l"ﬁ²561(/056)0ﬁ 
-
;ﬁ"
1(ﬁ7) * /0wW(&()m/0$6ﬃ¦1(ﬁ"´(56ﬂ/0lﬀ&)0ﬁﬀG5SÓv56ﬃ ´ﬁ"²56(ﬂÈﬀG/0ﬃﬁﬀÆ!/m$'ﬃ21(&4lﬀ$')m)0/0wh5vﬁﬀ&(
 7Í
µ ﬃ~Á¸ÁÁaÁ7µ'µﬀ»
»(Á  Ä $ ﬁ 1(ﬁ"p565v!/m$'ﬃﬁ 1(ﬁ $@lS56)m/0!5R!/0$6ﬃ¥1(& p&@Ñ À &')0)mﬁﬀ2p564)0ﬁ"]tP&p5v1(&( ')mﬁﬀﬀÁ
Ì
3 56&(lÉqﬁV)05"p56ﬂ/m/0$'ﬃ!561(/056)0ﬁ41(ﬁ"(&.Ñ¥)m$'ﬂt@&ﬁ)0ﬁ"DtP&p561(ﬂ&( 6)0ﬁﬀ2ﬂ$'ﬃ 2"ﬁﬀ/mﬃP^h
1($6/m!ﬁ~)0$'ﬂtP&_* /0)0ﬂ$'ﬃ ²56)0)m&(wh"ﬀÁÁaÁÁ7ÁaÁÁaÁÁÁaÁÁaÁÁÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁ7µ'µ2ﬁ









»(ÁIµ>º¥5ﬂu.lÉq("w¦51(ﬁ) 5 lﬀ/m-()0ﬁ 1_*
Î


















































»(ÁIµ"ﬃ|&(ﬁ 1_* ﬁﬀﬃﬁﬀw#-()0ﬁ 1(& ﬂs@ﬂÈﬀwWﬁ1 * 56l"tP&(/0ﬂ/m!/m$'ﬃ¥1(ﬁ 1($'ﬃﬃ(ﬀﬁ"ﬀÁ
Ë
ﬁ/036ﬃp56)×1_* q(")0/0l"/mﬁﬀÆ







!5R!ﬁﬀ8Vt@&/ﬁ"3'$6&(Oﬁ"ﬃ r)0ﬁ" /m3'ﬃp56&.Ñaﬂﬁﬀ%ﬁﬀl!/- 
1(ﬁz) *
Ì
u(u.Ä|Ç ﬁ 1(ﬁz) *,Ä¡u
Ì
 ﬁﬀﬃ Ó6$'/0ﬁ"ﬃP )0ﬁﬀL1($'ﬃﬃ(ﬀﬁ"ŁÓ'ﬁ" )mﬁzﬂ/0)0$´$&%aﬁﬀ)0)mﬁﬀL$'ﬃ Łﬁﬀﬃ(ﬂﬁﬀ3'/mﬂ!ﬂﬀﬁ"
ﬂ&(G-p56ﬃ(1(ﬁ"²wh563'ﬃ"!/mtP&(ﬁﬀ"ÁÁÁaÁÁ7ÁaÁÁaÁÁÁaÁÁaÁÁ7ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁµ>¹#ﬂ
»(ÁIµ2¥u.lÉqﬀwh5Dﬁ"×ﬁÑ.(ﬁ"/m$'ﬃ 1(ﬁ#)05h%$'ﬃ(1("!5v/0$'ﬃ ﬁﬀﬃ1(/m 6)0ﬁ6Á%ÄŁÑ.ﬁﬀwW()0ﬁa1(ﬁ¸)+* 56ﬃﬃ(ﬁS56&]ÅÖO)0ﬁﬀ






É56/m)×1(ﬁ)05ﬂ!ﬂ&(l"&(ﬁ 1(ﬁ"2w¦5R!/mlﬀﬁ"D1(ﬁ lﬀ$'ﬂ") 5v/0$'ﬃ(¦5SÓ65vﬃPﬁ456(ﬂÈﬀ2"3'ﬁ"ﬂ/0$'ﬃ_Á
Ë






































!56ﬃ(lÉqﬁﬀG 56/mlﬀﬁﬀ56&_Á¡Ärﬃ%$'/0ﬃ !/m)0)m )mﬁﬀhÓv56)mﬁﬀ&(ﬂ¦5SÓv56ﬃ Dﬂﬀ3'ﬂﬁﬀﬂ/0$6ﬃ_ÁÄrﬃ!56/I¦)0ﬁﬀ/mﬃ
r)0ﬁ
ﬂﬀ/m1(&456(ﬂÈﬀ&(ﬃ(ﬁbﬂﬀ3'ﬂﬁﬀﬂ/0$6ﬃ]5SÓ6ﬁﬀl7) 5#ﬂ$'wWwhﬁ×1ﬁﬀV!56ﬃ(lÉq(ﬁ"h 56/0ﬂlﬀﬁS5v&2ﬁ"GlÉqp56tP&(ﬁ7%$'/0ﬃ 








)05lﬀ$'&$'ﬃ(ﬃﬁÀ'&')0)mﬁﬀWﬁﬀﬃ  $'ﬃ(l!/m$'ﬃ1(&¥ﬃP&(wWﬀﬂ$ 1(ﬁ
BY*0)V












Õs@(/0tP&(ﬁ%$'&(¸&(ﬃ[&ﬃ[/0& » ﬁÃ7ﬁ¢ tP&(/ﬂﬁﬀ(ﬂﬀﬁ"ﬃ !ﬁ4)0ﬁﬀW¹ 7 Ó65v/ 5v-(/0)m/m!"
1p5vﬃ(G) * $'1(ﬂﬁb1(ﬀl"$'/m56ﬃ SÁ ÁÁaÁÁ7ÁaÁÁaÁÁÁaÁÁaÁÁ7ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁµﬀ» 
»(Á ¹#
Í
$'wW%$'!56ﬃ ﬁﬀ ﬃ($6wh56)0/mﬀﬁ"1ﬁﬀ Ó'ﬁ"l"ﬁﬀ&(ﬂ¡$'(ﬂﬁﬀr5v$@lﬀ/mﬀﬁ"r56&.Ña!ﬂ$'/0L(ﬁ"wh/mÈﬀﬂﬁﬀÓv56ﬂ/IÔ
56-/0)0/I!"V1(&43'!56q(ﬁb1(ﬁau.lﬀﬂﬁﬀﬁvÁÁÁ7ÁaÁÁaÁÁÁaÁÁaÁÁ7ÁaÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁÁÁµﬀ»ﬂ7




&(ﬃ¸ÅﬂÅÅÉÁRÄr)0)mﬁﬀL$'ﬃ rl"$'ﬂ/03'"ﬁﬀL1(&f/m3'ﬃ(ﬁ¡1(ﬁﬀ /mﬃ Ó'ﬁﬀﬂﬁ"&("Á
Ë










Â o ÅÖﬁ" Ê
½












ﬁ"ﬂ7/0ﬃﬀﬂO)0ﬁﬀp&.ÑÀ &')0)mﬁﬀ~ﬁ ( $6ﬃP7l") 56/mﬁ"whﬁ"ﬃP²"p56ﬂﬀ^;/m)
ﬁﬀÆ#5v)0$'ﬂ×O$6/m-()0ﬁf1ﬁWlﬀ56)0/m-(ﬁ"×lﬀ$6ﬁ"l"ﬁﬀwWﬁﬀﬃ #)mﬁ p&.Ñ (1p5vﬃ(7) 52/mw¸&() 5R!/0$6ﬃ_ÁOu.&(7) 5
ﬃp3'&(ﬂﬁ×1(ﬁb1(ﬂ$'/mﬁ@&(ﬃ(ﬁ756&.!ﬁbwWﬁﬀﬂ&(ﬁ~Oﬁ"wWﬁ"1(ﬁ×Ó6ﬀﬂ/ ﬃpﬁ")0ﬁ~-%$'ﬃ2l"$'wh%$'Æ!ﬁﬀwWﬁﬀﬃ 1ﬁ×) 5







lﬀﬁﬀ56&1(ﬁ2» ¶ Ãbﬁ¢«5ﬂYﬁ"·1(ﬁ» ﬂ Ãbﬁ¢ -ﬀ#ﬁ·&(ﬃ(ﬁlﬀ/m-()0ﬁh1_*,q s@1(ﬂ$'3'Èﬀﬃﬁ6Á¡Ö²$'&fO$'&.Ó'$'ﬃ(
Ó'$'/m×5SÓ'ﬁ"lf&(ﬃ(ﬁ¸Èﬀ~-O$'ﬃﬃ(ﬁ¸"$')m&!/m$'ﬃ
%) 5W1(ﬀ%ﬁﬀﬃ(1(56ﬃ(lﬀﬁ·ﬁ"ﬃ   1(ﬁ¸) *,56Æs.wW"/mﬁ#ﬁ"×)0ﬁ









1_* ﬀﬃ(ﬁ"3'/mﬁbﬁ"´) *,56ﬂs@wW"/0ﬁ~wh$>s'ﬁ"ﬃ(ﬃ(ﬁO$6&() * ﬁﬀﬃ(ﬂﬁﬀw¸-)0ﬁ71(ﬁ71($'ﬃ(ﬃﬀﬁﬀ"Á ÁaÁÁÁaÁÁ7ÁaÁÁaÁ7µ2ﬂv»
»(Á,¶6ﬂ
Ì






»(Á,¶ ﬃ¡56)0ﬁ"&(_ﬁÑ%ﬀﬂ/0wWﬁﬀﬃ É5v)0ﬁ 1(ﬁr)+* 5vﬃ(3')0ﬁ   
	



























































ﬁ.Á!ﬁ u.lÉq("w¦51(&¥1/0%$'ﬂ/m!/-bﬁÑ.%ﬀﬂ/0wWﬁﬀﬃ É56)²1(ﬁ Ã7º5SÓ'ﬁ"l)mﬁ ﬂOﬁ"l"!ﬂ$'wWÈ"!ﬂﬁﬁ"2)mﬁﬀD$@l"!56ﬃ !
lﬀ$'wW%$'"1(ﬁ7) 5vﬂ!ﬁﬀ1ﬁaﬂlﬀ/0ﬃ /0)0)05v!ﬁ"&(zO$6&(G) 5¸1(!ﬁﬀl!/m$'ﬃ_Á4ÁÁÁÁaÁÁaÁÁÁaÁÁ7ÁaÁÁaÁ7µ"ﬃ6¹



























































































. ;RnPÓ@/m$') 5v/0$'ﬃf1ﬁ~p56ﬂ/m´1(56ﬃ(¡)0ﬁ´lﬀﬀﬂ/0&(w  µS»ﬂ7f
ﬀÄŁÔ!µ"ﬁ# vnL"&()IÉ5v#(")0/mwh/mﬃp56/0ﬂﬁfO$6&(#)+*,ﬁ"ﬃ(ﬁ"w¸-()0ﬁh1(ﬁD)05]ﬂ!5v!/mﬂ/0tP&(ﬁ%ﬀÖ´&(Çﬁ¢vn ﬁÑ@Ô
%ﬀﬂ/0ﬁﬀﬃlﬀﬁDÖ´&(ÇLﬁ¢¨1(ﬁW1(/%$O&(ﬂ/0$'ﬃ1(ﬁWﬃ(ﬁﬀ&/mﬃ($ ﬁ¸56ﬃ /IÔÕﬃﬁﬀ&/0ﬃ$]ﬂ&(a)mﬁﬀﬃ($>s 56&@Ñ  µ"ﬁ:7f
Su
ËLk7Ë
Ä|o5vn;wW$ s6ﬁﬀﬃ(ﬃﬁhwW$'ﬃ(1(/056)0ﬁa1(ﬁ   
 

56&  ')0ﬁf1(&   Á
Ë
52l"$'&(-%ﬁ·ﬁﬀﬃ !56/m








/m%$'/I!/-OﬁÑ.O"/0wWﬁﬀﬃ !56)(1(ﬁ)05×whﬁ"&(ﬂﬁ´1ﬁ ﬃz$'&()01ﬁﬀﬀÁ u.$'ﬃ |ﬁ"("ﬁﬀﬃ ﬀﬁﬀ)0ﬁﬀ $'/m (ﬂ/0ﬃ.Ô
l"/0p56)mﬁﬀ 6ﬀ$'ﬃﬁﬀa!5SÓ'ﬁ"ﬂﬀﬁﬀf(56a)mﬁO ﬂﬁ"a1(ﬁ¦l"ﬀ/m&(wj1(& $6ﬃ(1Ó6ﬁﬀ#) *,5>Óv56ﬃ a1(&1ﬁﬀﬂ/0ﬃ_nL) 5
(ﬂﬀp5v!5v/0$'ﬃ1ﬁﬀ5v$'whﬁ"D1p56ﬃD&(ﬃ¥$6&(2ﬃ(/mÓ6ﬁS56& ﬁ"ﬁﬀwh56ﬃ¥%ﬀl"/ ﬃptP&(ﬁ1ﬁ) * "!5v 3	ﬁ
)+* 56()0/mlS5v/0$'ﬃ]1(& lÉqp56wW 













ﬁ.ÁIµ"ﬁ5ﬂ´ÅÕ)0)0&ﬂ!5v!/m$'ﬃ 1ﬁf) 5Dlﬀ$6wh()mﬀwWﬁﬀﬃ É5v/ma1ﬁﬀbﬁÑ.%ﬀﬂ/0ﬁﬀﬃlﬀﬁﬀÄŁÔÉµ2ﬁ#Dﬁ"
 
ÂﬁS5:/]56&.Ñ1(/  Ô








ﬁﬀo $6lﬀﬁ"ŁtP&(/.ﬀ36/0ﬂﬁﬀﬃ  $'&(Ł)mﬁﬀ(q(ﬀﬃ$'whÈ"ﬃ(ﬁﬀŁﬃp5v!&ﬁﬀ)mŁﬂﬁV"1(&(/0ﬂﬁﬀﬃ r5v&.Ñ¸tP&p5R!ﬁz/0ﬃ !ﬁ"!56l!/m$'ﬃ(z $6ﬃ(1p5RÔ
wWﬁﬀﬃ É56)mﬁﬀtP&(ﬁ7$6ﬃP´)05¸3'!5SÓ@/m!5v!/m$'ﬃ
@) * ﬀ)0ﬁ"l"$'wh563'ﬃ(!/mwWﬁ@) * /0ﬃ !ﬁ"!56l!/0$6ﬃ< 56/0-)0ﬁ~ﬁ´) * /0ﬃ !ﬁ"!56l!/0$6ﬃ< $'ﬂﬁ6Á
Ë
ﬁﬀ71(ﬁ"&.Ñ (ﬂﬁﬀwW/0Èﬀﬂﬁﬀbﬂ$'ﬃ a1ﬁfO$'Æ!"ﬁf/0ﬃﬃpﬃ/0ﬁfﬁ"7)05D1(ﬀl"$'/m56ﬃ(lﬀﬁ·1(ﬁ·)mﬁﬀ&(×/mﬃ !ﬁﬀﬃ/mflﬀ$'wWwWﬁ¸) * /0ﬃ Ó'ﬁ"ﬂﬁ
1(ﬁb)05#1(/0ÆÉ56ﬃlﬀﬁb56&2lﬀ56ﬂbﬁﬀÆG/0wW()mﬁﬀwWﬁﬀﬃ &ﬃ4ﬁ$ ﬁ1_*,56ﬃ(3')mﬁ×$6)0/01ﬁ6Á.Ä|ﬃl"$'ﬃ !!5vﬂ!ﬁ 56(p5vﬃP^)mﬁﬀ( $'ﬂlﬀﬁ"
 $'Æ!ﬁbﬁ"g 56/m-()0ﬁ²ﬃ_*,563'/0ﬂﬁ"ﬃP´p5v²5v&.ÔÕ1(ﬁ") ¸1(ﬁ"Gﬃ($>s 56&.Ñ]5R!$'wW/0tP&(ﬁ"ﬀÁ
Ë





* /0ﬃ !ﬁ"!56l!/m$'ﬃ 5v/0-()mﬁbﬃ_*,ﬁ"ﬂ
) * $'ﬂ/03'/mﬃ(ﬁV1_*,56&(l"&(ﬃ¦É5vz)0/mw¦56/mr$'%Èﬀﬁ´&¡$'&(¡)0ﬁﬀ¡)0ﬁ"!$6ﬃ(|ﬁ"zt@&(56 /Pﬁﬃ$6É56wWwWﬁﬀﬃ rÓ@/ 57)0ﬁﬀ|(ﬂ$.l"ﬁﬀÔ






lﬀ$   ﬃ(l"/01(ﬁ1(ﬁ  5v/m|5SÓ'ﬁ"lG) 5×1("lﬀ$'&Ó6ﬁﬀÆ!ﬁ´1(ﬁG) 5~561(/0$'56lÔ






ﬁﬀﬃ µ 7'¶'¹  µ rﬁ"W) * q s@O$6q(Èﬀﬂﬁ]1&ﬃ(ﬁ"&!ﬂ/0ﬃ($ %$'ﬂ&()0"ﬁ4(56WoŁ56&()m/V&(ﬃ56ﬃ()0&(f 6WO$'&fﬁÑ.()0/mtP&(ﬁﬀ·)0ﬁ
%ﬁﬀl!ﬂﬁ~ﬁﬀﬃ¦ﬀﬃ(ﬁ"3'/mﬁ²l"$'ﬃ !/0ﬃP&D1ﬁﬀ$@1(&(/m|1(ﬁ~ﬂS56l!/0$6ﬃ
P1($'ﬃ(ﬃ(ﬁ"$'ﬃ )0ﬁﬀ¡-p56ﬂﬁﬀzﬁÑ.O"/mwhﬁ"ﬃP!56)0ﬁ"z%$'&(¡) 5
lﬀ$6ﬃ(ﬂ&(l!/0$6ﬃD1_* &(ﬃ(ﬁb(ﬂﬁﬀwW/0Èﬀﬂﬁ²q(ﬀ$'ﬂ/0ﬁ´1(ﬁ×)+*,/mﬃPﬁﬀ56l"/0$'ﬃL 56/0-()mﬁGp56!-pﬁﬀﬂwh/Òﬁ"ﬃµ 7'¶6»  ¹+Á
Í
ﬁﬁ~!q("$'/mﬁ
/0ﬃ(/mﬀﬁ1(ﬁ)+*,")0ﬁﬀl!ﬂ$.1s@ﬃp5vwh/mt@&ﬁDtP&p56ﬃ !/mt@&ﬁ|1(ﬀl"/Ih)mﬁﬀ·(ﬂ$.l"ﬁﬀﬂ&( 5v/0-()mﬁﬀ¸p5vW&ﬃ(ﬁ]/mﬃ !ﬁﬀ56l"/0$'ﬃ 1ﬁ
lﬀ$6ﬃP!56l"71$'ﬃ 7) * /0ﬃ !ﬁ"ﬃ(/I!¸ﬁ"ﬂ7p5656wW"!ﬂ/0ﬂﬀﬁ¸p5vb) 5¦l"$'ﬃ(ﬂ!56ﬃ !ﬁ·1(ﬁ -pﬁﬀﬂwh/ ŁÁ
Ë
*,q s@%$6!q(È"ﬁW1(ﬁ·oŁ5v&()0/
ﬁﬀÆfÓ'"/ ﬃ(ﬀﬁ56& wW/0)m/0ﬁﬀ&1(ﬁ"·56ﬃ(ﬃ("ﬁﬀflﬀ/mﬃ(tP&p56ﬃ !ﬁ2(56#)05 (ﬁ"wh/mÈﬀﬂﬁD$'-(ﬂﬁﬀﬂÓv5v/0$'ﬃ1(& ﬃ(ﬁﬀ&.!/mﬃ($ﬀ)mﬁﬀl!$6ﬃ
$'&()m& 61(ﬁb$6ﬃ]5vﬃP/0p5vﬂ!/mlﬀ&()mﬁ	 5SÓ'ﬁﬀl7)+*,ﬁÑ%ﬀﬂ/0ﬁ"ﬃ(lﬀﬁb1(ﬁ
¾






   
 (
ŁÁ
Ärﬃµ87 ﬁ6ﬃ¸) * /0ﬃ !ﬁ"!56l!/m$'ﬃ< 56/m-()0ﬁ×ﬂ$'ﬂ´1(Yﬃpﬃ(/I!/mÓ6ﬁﬀwWﬁﬀﬃ ´1(ﬁﬀG56/0)mV1(ﬁ7) 5¸!qﬀ$'ﬂ/0ﬁb1(ﬁ -pﬁﬀﬂwh/;5SÓ6ﬁﬀl) 5¸wW/0ﬁbﬁ"ﬃ
"Ó@/m1(ﬁﬀﬃ(l"ﬁ²(56¡À








ﬁﬁ2$'-(ﬁ"ﬂÓv5v/0$'ﬃÓv5y) * ﬁﬀﬃlﬀ$'ﬃ !ﬂﬁ21(ﬁ2) * /0ﬃ &(/m/0$'ﬃ(q s@/0tP&(ﬁ1(ﬁ2)05 ﬂs@wW"/0ﬁ





56ﬃ3  ﬁ¡tP&(/|($'%$'ﬂﬁﬀﬃ #)05DÓ./m$') 5R!/0$6ﬃ1(ﬁh(56/I!flﬀ$6whwWﬁfﬁ"&()0ﬁWﬁÑ.()m/0lS5R!/0$6ﬃ) 5















or)0&(ﬂ/0ﬁ"&(25v)0)0ﬁ"ÔÕﬁ!$'&¦ﬁ"ﬃ !ﬁq(ﬀ$'ﬂ/0ﬁﬁ2ﬁÑ.%ﬀﬂ/0ﬁﬀﬃlﬀﬁÓ'$'ﬃ l"$'ﬃ !/m-(&(ﬁ"Ł) * ﬀ) 5v-O$'5v!/m$'ﬃ[1(&¥wh$@1.Ô
Èﬀ)mﬁﬂ!56ﬃ(1p56ﬂ15vl"!&ﬁﬀ)b-p56ﬂ &() * &(ﬃ(/-ﬃplS5R!/0$6ﬃ1(ﬁﬀ/mﬃPﬁﬀ56l"/0$'ﬃ(G 5v/0-()mﬁﬀDﬁﬀ)0ﬁ"l"$'wh563'ﬃ(!/mt@&ﬁﬀ2p56












(ﬂﬁﬀwW/0È"ﬁb1(/ $ &(ﬂ/0$'ﬃ2ﬃﬁﬀ&/0ﬃ$vÔÕﬃ($>s'56&]56ﬃ(Glﬀ$6ﬃPÓ6ﬁﬀﬂ/0$6ﬃ 1(&4ﬃ(ﬁﬀ&.!/mﬃ($·ﬁﬀﬃ4)0ﬁ"!$'ﬃlÉqp5v3'vÁÒÄ|ﬃ+ﬃpﬃ4ﬀ*
Î
$.$ﬂN




1(ﬁ"GlÉqp56wW(Gﬁ"´$'ﬃ ´wW$.1(")0/mﬀp56G) * ﬀlÉqp5vﬃ(3'ﬁ71(ﬁﬀG-%$'$6ﬃ(  ﬁ"SÁ
Ärﬃ µ 7 ﬃ+  )+*,ﬁÑ%ﬀﬂ/0ﬁ"ﬃ(lﬀﬁfÄŁÔ!µ ¹'¹¦56&u
ËBÌ´Í
 µ'µ  wWﬁﬀﬂ&(ﬁ#) 5hÓ@/0$6) 5v/0$'ﬃ41(ﬁfp56ﬂ/m#%$'&(×)05¦(ﬁ"wh/mÈﬀﬂﬁ $'/m
1p5vﬃ(G&(ﬃ (ﬂ$.l"ﬁﬀﬂ&(´1(ﬁ1(/%$O&(/m$'ﬃ1_* ﬀ)0ﬁ"l"$'ﬃ("ﬂ ﬂ&(tP&_*,56)m$'Glﬀ$6ﬃ(/m1(ﬀﬂal"$'whwWﬁb(&(ﬂﬁﬀwWﬁﬀﬃ ´ﬀ)mﬁﬀl"$'wh563vÔ
ﬃ(!/mt@&ﬁanP) 5b1(/ $ &/0$6ﬃh(ﬂ$ $'ﬃ(1ﬀwWﬁﬀﬃ /mﬃ(ﬀ)056ﬂ/0tP&(ﬁ1_* ﬀ)mﬁﬀl!$6ﬃ(%$') 5v/0ﬂﬀrﬂ&(&(ﬃﬁ²l"/0-()mﬁ´1ﬁ²1(ﬁ"&!"/m&(w]Á
Í








  ﬁ   V1("wh$6ﬃP!5V)05Ó65v)0/01/m!1(&7wh$@1(È")0ﬁ 1(ﬁzÃu@Â




Ó6ﬁﬀﬂﬁﬀwWﬁﬀﬃ 56(/01ﬁ²1_* q(")0/0l"/m²5$'&Ó6ﬁﬀﬂV) 5bÓ'$'/mﬁOa$'&ﬁﬀ)mﬁﬀ|!ﬁ"lÉq(ﬃ(/0tP&(ﬁ"VwW$.1(ﬁ"ﬃ(ﬁ"1(ﬁ²O$6) 56ﬂ/0!5R!/0$6ﬃf1(ﬁ
 56/ml"ﬁS56&aﬁ"r5v&.Ñawh!q($@1(ﬁﬀL1(ﬁzlﬀ$'ﬃ !'')0ﬁ¡1(ﬁ" ﬂs@ﬂﬀwh5v!/mtP&(ﬁﬀ 1ﬁﬀz 5v/0l"ﬁS56&a1_* ﬀ)0ﬁ"l"$'ﬃ("Á
k
56ﬃ( )mﬁﬀ56ﬃ(ﬃ("ﬁﬀ

























































Ä|o1($6ﬃ(ﬃ(ﬁﬀﬃ ´&(ﬃ(ﬁb)m/0wW/mﬁ²/mﬃ ﬀﬂ/0ﬁﬀ&ﬁ×ﬂ&(G) 5¸wh56ﬂﬁb1(&-O$'ﬂ$'ﬃ
1(ﬁ
Î
/m3'3'   
  ( LÒ1(ﬁ"ﬃ(/mÈﬀﬁ-(ﬂ/0tP&(ﬁ1(& wW$.1Èﬀ)0ﬁ7tP&(/B1($'/I´ﬁÑ.()0/mtP&(ﬁﬀ´) 5·-(/m&(ﬂﬁ71(ﬁ#Æs.wW"/mﬁ
















ﬃ 56&ﬁ256ﬂOﬁ"l"#/0wWO$'ÆÉ56ﬃ a1(ﬁﬀ#lﬀ$'ﬂﬁﬀl!/m$'ﬃ(#1 *,$'ﬂ1(ﬁ"¸&O"/0ﬁ"&(#ﬁﬀﬂ¸) 5]wW/0ﬂﬁhﬁ"ﬃ "Ó@/01ﬁﬀﬃ(l"ﬁ21_*,&ﬃ(ﬁ
ﬃ($6&Ó'ﬁ")0)0ﬁ7(q s@/mtP&(ﬁ%/0ﬃ !ﬁ"ﬂÓ6ﬁﬀﬃp56ﬃ ²1p56ﬃ(´)0ﬁ"G-O$'&lﬀ)0ﬁ"²1ﬁﬀ´1(/ 5636!56wWwhﬁ"V1(ﬁ-pﬁ"s@ﬃ(wh56ﬃ]wh56/mVﬃ($'ﬃ]/0ﬃ(l")0&(ﬂﬁ







p5vf) * ﬁÑ.O"/mﬁﬀﬃ(l"ﬁ]ÄŁÔ!µ"ﬁ#  1ﬀlﬀﬂ/mﬁ41(56ﬃ(·lﬀﬁ!ﬁ2q(Èﬀﬂﬁ6Á
Í
ﬁ"ﬂ!ﬁ4whﬁ"&(ﬂﬁ4ﬂﬁﬀ%$'ﬁﬂ&(·&(ﬃ$@lﬀﬁﬀﬂ&(h-(/0ﬁ"ﬃ
wh50/m7!q("$'/mt@&ﬁﬀwWﬁﬀﬃ SnO) 5¦1(/ $ &/0$6ﬃ À'&')m)0ﬁﬀ"Á
k
ﬁfw¦5vﬃ(/0È"ﬁ¸5vﬃp56)0$63'&(ﬁ&2ÄŁÔ!µ ¹'¹WÓ@/0ﬃ36ﬂÔ lﬀ/0ﬃt]5vﬃ(b()0&
 6#O)0ﬁ#ﬂ/03'ﬃ(56)z 56/m-()0ﬁﬃ(ﬁ"&!ﬂﬁfﬁﬀﬂ7/m$')m#p5v×) 5¦wWﬁﬀﬂ&(ﬁ#1_*,&ﬃ(ﬁW56ﬂs@wW"!ﬂ/0ﬁa1(ﬁ¸É56&@Ñ1(ﬁfl"$'wWÉ5636ﬁ¸ﬁﬀﬃ !ﬂﬁ
1(ﬁ"&.Ñ¦($@lﬀﬁ"&V/0wh563'ﬁ"z)+*,&(ﬃh1(ﬁ×)+* 56&.!ﬁ´p56¡p56ﬂ/m6Á
Ë















oŁ5v&()0/;/mwh%$'ﬁ"ﬃ ²)+*,ﬁÑ./0ﬂﬁﬀﬃ(l"ﬁa1 *,&(ﬃ ﬃ($'w¸-(ﬂﬁ7t@&(56ﬃ !/0tP&(ﬁ "lS5vlÉq(ﬂ71(/m´1(ﬁlﬀ$'&)0ﬁﬀ&´%$'Æ!p56G)0ﬁ"´tP&p5v /P
ﬁ")0ﬁ"3')m&($'ﬃ("Á
Ë




 ¶ﬂh1(ﬁ"D!!5vﬃ(ﬀ $'ﬂw¦5R!/0$6ﬃ(h1(56ﬃ(2) * ﬁﬀﬂp56l"ﬁ1(ﬁﬀ2l"$'&()0ﬁ"&("/mﬃP$@1(&(/IDp56
Ãbﬁﬀ)0) ÔÆÀ 5vﬃ(ﬃ
  56/m75v(p5650ﬁ#$'/m~Óv56)0ﬁ"&(b1(ﬁ·l"$'&()0ﬁ"&(b%$'ﬂ/0-()mﬁﬀbﬁ"7qP&(/I73')0&$'ﬃ(^_56ﬂ$.l"/0ﬀ56&@ÑqP&(/m
3'"ﬃ(ﬀ5v!ﬁ"&(×1&3'$6&(OﬁﬂO%$'ÆÉ56ﬃ ²lÉqp56lﬀ&ﬃ&ﬃ(ﬁ#l"$'&()0ﬁ"&(~ﬁ×&(ﬃﬁ¸56ﬃ !/ ÔÕl"$'&()0ﬁ"&(ﬀÁ
Ë
ﬁﬀ²(ﬁ"wh/mÈﬀﬂﬁﬀ~ﬁÑ.O"/IÔ




(ﬂ/IÑÖ´$'-Oﬁ")Òµ 797'ºﬂ wWﬁ"ﬂ!ﬁ"ﬃPﬁﬀﬃa"Ó@/01ﬁﬀﬃ(l"ﬁ) 5(ﬂ$'(ﬂ/0"|1(ﬁz)m/0-%ﬁﬀÆ!¡56ﬂs@wW!$v!/0tP&(ﬁ|1(ﬁ
 7ÍVk
nR56&@Ñlﬀ$'&(Æ!ﬁ"
ﬀlÉqﬁﬀ)0)mﬁﬀ 1ﬁV1(/0ÆÉ56ﬃlﬀﬁ   µ( w Av)mﬁﬀt@&(56 /Pr1(ﬁÓv56)mﬁﬀﬃ(l"ﬁV1(&fﬃP&(l")0ﬀ$6ﬃ·56(p5656/0ﬂﬁ"ﬃP lﬀ$'wWwhﬁ¡tP&p56ﬂ/IÔÕ)m/0-(ﬂﬁﬀ
ﬁ"z)0ﬁ"&(|/mﬃPﬁﬀ56l"/0$'ﬃ(|ﬂﬁ²(ﬀ"ﬁﬀﬃ ﬁ&(ﬃ·!!5v/m!ﬁ"whﬁ"ﬃ z%ﬁﬀÆ!&(ﬂ-p5v/ Oﬁﬀﬃ¦&(/0ﬂ!56ﬃ(l"ﬁ²1ﬁ²)057l"$'ﬃ(ÆÉ56ﬃ !ﬁ²1(ﬁ´lﬀ$'&.Ô
()0563'ﬁ   Á ) * ﬀlÉqﬁﬀ)0)mﬁz1ﬁ) 5É5v/0)0)mﬁr1(&¸ﬃP&(l")0ﬀ$6ﬃ
   ;1(ﬁ"Ó@/mﬁﬀﬃ r()m&(36!56ﬃ(1ﬁtP&(ﬁ~µ6Á
Ë
ﬁﬀﬀlÉqp5vﬃ(3'ﬁﬀŁ1(ﬁ3')m&($'ﬃ(




1(ﬁ"b56((ﬂ$.lÉqﬁﬀ×!qﬀ$'ﬂ/0tP&(ﬁﬀ²1(ﬁ¸)05hﬂ&(l!&(ﬂﬁf/0ﬃ !ﬁ"ﬃ(ﬁ@ $'ﬃ b56Oﬁ")_¦1(ﬁ"×1(ﬁ"3'"×1(ﬁ¸)m/0-%ﬁﬀﬂaﬁ$ ﬁ"l"/  ~1ﬁ
 7ÍVk
 -p5vﬂs'$6ﬃ(^(wWﬀﬂ$'ﬃ( z()0&. 6t@& * 56&@Ñ21(ﬁ"3'"ﬁ $'ﬃ(1p56wWﬁﬀﬃ !56&.Ñh1(ﬁﬀtP&p5v /Pﬁ"1ﬁﬀ3')m&($'ﬃ("Á
½
ﬃ(ﬁb56.Ô
(ﬂ$.lÉq(ﬁG5vﬃp56)0$63'&(ﬁﬁ"ﬂrl"ﬁﬀ)m)0ﬁV1(&fwW$@1(Èﬀ)mﬁ1(ﬁ"rt@&(56 /Prlﬀ$6ﬃ(ﬂ/m!&(56ﬃ ! 1p5vﬃ(r)0ﬁ"t@&ﬁﬀ))mﬁﬀ q(561($6ﬃ(r$'ﬃ r1ﬀlﬀﬂ/m






/0ﬃ ﬁﬀ!5vl"!/m$'ﬃ(ﬁ $'Æ!ﬁ"´tP&(/;q(56-(/0)m)0ﬁ"ﬃP)0ﬁ"´tP&p5v /P²1ﬁ7Óv56)mﬁﬀﬃ(l"ﬁ6Á
Ärﬃ¦/mﬃPﬀ3'56ﬃ z$'&ﬁﬀ¡)0ﬁﬀ|wWﬁﬀﬂ&(ﬁ"1(ﬁ"p5656wWÈ"!ﬂﬁﬀ|1(ﬁ²) * /0ﬃ !ﬁ"!56l!/0$6ﬃ& 56/0-()mﬁ'ﬃ$'&(%$'ﬂﬀ1$'ﬃ(ﬁb!5SÓ'ﬁﬀﬂ
)0ﬁl"$'&(56ﬃ zﬃﬁﬀ&ﬁ &ﬃ(ﬁ²ﬃ$'&Ó'ﬁ")0)mﬁ$'ﬃ(1ﬁ´1ﬁ´)05bﬂ!ﬂ&(l"&(ﬁG1(&WﬃP&(lﬀ)mﬀ$'ﬃ Á
Ë
ﬁGl"$'&(()0563'ﬁ1(&  z56&.Ñfl"$'ﬃ(Æ!/IÔ
!&(56ﬃ !|/0ﬃ !ﬁ"ﬃ(ﬁ"^Plﬀ$6w¸-(/0ﬃG56&.Ñf/mﬃ $'ﬂw¦5v/0$'ﬃŁ1(ﬁG) 5b1(/ $ &/0$6ﬃfﬀ)0ﬁ"l"$'wh563'ﬃ(!/mt@&ﬁOﬁ"wWﬁ"|1_*,5vﬁﬀ/mﬃ(1(ﬁ




) 5Wlﬀ$'ﬃ /0-&!/m$'ﬃ 1(ﬁ"btP&p56 /P×!56ﬃ(3'ﬁ"b56&.Ñ 56l"ﬁﬀ&(ﬂ×1(ﬁ] $6wWﬁ#1(&ﬃP&(l")0"$'ﬃ_Á
½
ﬃ($63'!56wWwWﬁﬁÑ.O"/IÔ
wWﬁﬀﬃ É56)Łﬁﬀﬂﬁ"ﬃl"$'&(7%$'&(7ﬁÑ@!56/mﬁflﬀﬁﬁW$6-(ﬁ"ﬂÓv56-()mﬁW1(56ﬃ(7&(ﬃ ) 56ﬂ3'ﬁf1($'wh56/mﬃ(ﬁ¸lﬀ/mﬃ(ﬀwh5v/0tP&(ﬁ6ÁOÅÕ)rﬁﬀÆ
wW$6!/IÓ']) * $'ﬂ/03'/mﬃ(ﬁfp56a)0ﬁﬀwWﬁﬀ&ﬁﬀ#1(ﬁ¦1(/ $ &/0$6ﬃ(a$ $'ﬃ1(ﬀwWﬁﬀﬃ ¸/mﬃ(ﬀ)056ﬂ/0tP&(ﬁ"#5SÓ'ﬁ"lD1(ﬁ"] 56/0ﬂlﬀﬁﬀ56&.Ñ
%$') 56ﬂ/0ﬂﬀ¸1(ﬁ)mﬁﬀ$'ﬃ(ftP&(//0ﬃ1(/0tP&(ﬁ"ﬃP·&ﬃ(ﬁlﬀ$'ﬃ !ﬂ/0-(&.!/0$6ﬃ O$'ﬂ/m-()0ﬁD1ﬁﬀWt@&(56 /P·"!56ﬃ(36ﬁﬀW56&(/mﬃ1(&
ﬃP&(lﬀ)mﬀ$'ﬃ Á
Ë



















1(ﬁµ"ﬁ  µ 7+Á
Í
$'wWwhﬁ#O$'&b)0ﬁf/0ﬃ1(ﬁﬀ71(/ +hl"&()mﬀb%ﬁﬀﬂ/0Æ!ﬁ"ﬃPa1p56ﬃ)+*,/mﬃ !ﬁﬀﬂ(É5v/0$'ﬃ ﬁﬀﬃ !ﬁﬀﬂwhﬁf1ﬁ
lﬀ$6ﬃP/m-(&!/m$'ﬃ21(ﬁ"²tP&p56'/P²!!5vﬃ(3'ﬁﬀ"Á
Ë
ﬁﬀBwLﬀwWﬁﬀ;!ﬁ"lÉq(ﬃ(/0tP&(ﬁ"ﬁÑ.O"/0wWﬁﬀﬃ !56)0ﬁ";1(ﬁzwWﬁﬀﬂ&(ﬁ|1_*,56Æs.wW"/mﬁr1(ﬁrÓ./m$') 5R!/0$6ﬃ×1(ﬁ|p56ﬂ/m!rﬂ$'ﬃ L1($'ﬃ(l¡56.Ô






%$'ﬁ"ﬃP×56/0ﬃ/B1_* ﬁÑ@!56/0ﬂﬁ#) 5·lﬀ$6ﬃP/m-(&!/m$'ﬃ41(ﬁﬀ×tP&p5v /P~!!5vﬃ(3'ﬁﬀ×56&.ÑŁ 56l!ﬁﬀ&×1(ﬁ $'ﬂwhﬁﬀ)mﬁﬀl"/mt@&ﬁaﬁ
wh563'ﬃ(!/0tP&(ﬁ      
     SÁ





ﬁ ﬁﬀwW/0ﬁ"hlÉq(56(/mﬁ]("ﬁﬀﬃ ﬁ)0ﬁﬀhwh$v!/mÓv5v/0$'ﬃWqPs@ﬂ/0tP&(ﬁﬀ"ÁÖ²$6&(DwW$'ﬃ !$6ﬃ(hl"$'wWwhﬁ"ﬃP
¶
)+* 56Æs@wh!/mﬁG1(ﬁ´Ó@/m$') 5v/0$'ﬃf1ﬁ~p56ﬂ/m´ﬁ"ﬃD1(/ $ &(ﬂ/0$'ﬃ·") 56Æ!/0tP&(ﬁ´1_* ﬀ)mﬁﬀl"$'ﬃ%ﬁﬀwWﬁ"z1_* ﬁÑ@!56/0ﬂﬁ²)mﬁGlﬀ$'&(56ﬃ 
 56/m-()0ﬁ7ﬃ(ﬁ"&!ﬂﬁR¦-p56ﬂﬁ¸"ﬃ(ﬁﬀﬂ3'/0ﬁvÁ_Ö´$'&(×1(É56/m)0)m$'ﬃ(G)0ﬁ@ $'wh56)0/mwWﬁb1(ﬁﬀd 56l"ﬁﬀ&(ﬂ×1(ﬁ] $'ﬂwhﬁ@ 56/0-)0ﬁﬀ"Ò)0ﬁﬀ&




5ﬂ&(/mﬁ 1(&lÉqp56(/I!ﬁ]/0ﬃ !ﬂ$.1&(/mW) 5 ﬃ($6/0$'ﬃ1(ﬁ]ﬁﬀÆD1(&wW$@1(Èﬀ)mﬁ]ÆÉ56ﬃ(1(561 -p56ﬂﬁ"ﬃ(ﬁﬀﬂ3'/0ﬁ4Ó./05)05





o¡o|Ä Ð ﬁhÄ Ô!µ"ﬁ#Á
½
ﬃ(ﬁ]5vﬁﬀﬃ !/m$'ﬃ






o|o|Ä Ð ﬁ"²&²)05·-%$'&(l")0ﬁ71(ﬁ!$'56l"/0$'ﬃ4O$6&(G) 5fwh/mﬃ(/0wW/05v!/m$'ﬃ
1(ﬁ²) *,56ﬂs@wW"/0ﬁGﬁ"ﬃDlﬀ$'&!56ﬃ SÁ
Ë
*,56ﬃp56)Is.ﬂﬁ~(ﬂﬀ)m/0wW/0ﬃp56/mﬁz1(ﬁﬀV1$'ﬃ(ﬃ("ﬁﬀ1ﬁb ﬂ&(/mﬃ ﬂ&(/m)0)0ﬁz¹6º'º6»ﬁﬀÆV(ﬂﬀﬂﬁﬀﬃ !"ﬁ6Á
Ë
ﬁflÉqp56/m!ﬂﬁ·t@&(5v!ﬂﬁWﬁ"ﬂ1("1(/0R2) *,56ﬃp5v)ms@ﬁf1(&&ﬃÅﬂÅÅ´1(ﬁWÄŁÔÉµ"ﬁ#5SÓ'ﬁ"lh)mﬁ¸1(É56/m) 1(ﬁ·) * "&(1(ﬁftP&(ﬁ "* 56/
wWﬁﬀﬃ("ﬁ7&(G)0ﬁ"Gﬂs@ﬂﬀwh5v!/mt@&ﬁﬀg 56/0ﬂlﬀﬁS5v&4ﬂﬁawh56ﬃ(/- ﬁﬀÆÉ56ﬃ g·) * ﬀlÉq(ﬁ")0)mﬁb&(-(/mwh&()0ﬂ/0$'ﬃ_ÁÄrﬃﬃpﬃ4)0ﬁblÉqp56/m!ﬂﬁ
l"/0ﬃ(t ﬁ"() 5vlﬀﬁ¦lÉq(56tP&(ﬁ2"&()IÉ5v#1p56ﬃ(¸)mﬁhl"$'ﬃ !ﬁÑ.ﬁ21(ﬁﬀ#($'36!56wWwhﬁ"aﬁÑ.O"/0wWﬁﬀﬃ !56&.Ñ1(ﬁDwWﬁﬀ&ﬁD1(ﬁ"
 56l!ﬁ"&(z1(ﬁd $'ﬂwhﬁ´"!56ﬃ3'ﬁﬀzﬁ"V1ﬁ~wWﬁﬀ&ﬁ×1(ﬁ   
 









   



















1_* &(ﬃ(ﬁ~q(ﬀ$6/0ﬁ²ﬁ"ﬁ"ﬃ2p56Æ!/0l"&()0/mﬁﬀ|%$'&()mﬁﬀq(ﬀ$6/0ﬁ"1(ﬁ~lÉqp56wW(V1(ﬁl 5v&(3'ﬁ~tP&(/O1(ﬀl"/IÓ'ﬁﬀﬃ G)mﬁﬀ(56ﬂ/0lﬀ&)0ﬁﬀ
ﬀ)mﬀwWﬁﬀﬃ É5v/0ﬁ"zﬁ)mﬁﬀ&(ﬂz/mﬃ !ﬁﬀ56l"/0$'ﬃﬀÁ@ÄrﬃDﬀ*,56((&.s 56ﬃ ﬂ&(1(ﬁ"(ﬂ/0ﬃ(l"/0%ﬁﬀ¡1(ﬁ~Æs@wh!/mﬁﬀb $'ﬃ(1p5vwhﬁ"ﬃP!56)0ﬁ"^













/0$'ﬃ 1_* &(ﬃ(ﬁW&(l"lﬀﬁ"/m$'ﬃ1ﬁ·!56ﬃﬀ $'ﬂw¦5v/0$'ﬃ×/0ﬃﬃ(ﬃ(/mﬀ/mw¦5v)0ﬁﬀ"I 56/m!56ﬃ 56p56!5 0!ﬂﬁf) 5Dﬃ($v!/0$6ﬃ1ﬁ
VY:Y?ﬀ9563Y)+?{B
1(&3'$'&OﬁvÁ|oŁ56fﬁÑﬁ"wh)0ﬁ) * $'%ﬀ!5R!ﬁﬀ&¸/0wW(&()m/0$6ﬃﬁﬀÆh)mﬁ23'ﬀﬃﬀ!5R!ﬁﬀ&W1ﬁﬀf!56ﬃ(ÆÔ




/mwh()m/0tP&(ﬁat@& *,/m)rﬃ_*,ﬁÑ./0ﬂﬁh(5671(ﬁ·O$'/mﬃ 71(ﬁWÓ@&(ﬁW56-$')m&%$'&(b$'-ﬁﬀÆÓ'ﬁ"#&(ﬃ(ﬁ·tP&p56ﬃ /m!·(q s@/mtP&(ﬁ
tP&(/|ﬁWlﬀ$6ﬃ(ﬁ"ﬂÓ'ﬁvÁ o56aﬁÑ.ﬁﬀwW()0ﬁﬂ;ﬁﬀ)m$'ﬃ) * /0ﬃ Óv56/056ﬃ(lﬀﬁf(56b!!5vﬃ()05v!/m$'ﬃ
_/m) ﬃ_* ﬁﬀﬂ#p56O$6/m-()0ﬁf1ﬁ







ﬁ"ﬂ|-(ﬂ/0"ﬁ')05~)0$6/.1(ﬁl"$'ﬃ(ﬂﬁﬀﬂÓv5v/0$'ﬃfﬃ *,ﬁ"ﬂ¡()0&ŁÓ'"/ ﬃ(ﬀﬁ6Á6ÅÕ)(ﬁﬀÆ¡56)0$'ﬂŁ%$'ﬂ/0-()mﬁV1(ﬁV$'&Ó6ﬁﬀr&(ﬃ·%$'/0ﬃ 





u.$6&( !56ﬃ(ﬀ $6wh5v!/m$'ﬃ¸p56ﬂ/m <6&(ﬃ·O$'/mﬃ r1(ﬁ) * ﬁﬀﬂp56l"ﬁ´1ﬁlﬀ$@$'1($6ﬃ(ﬃ(ﬀﬁ "! $# &% Ł5b%$'&( /mw¦5636ﬁ)0ﬁ
%$'/0ﬃ ´1(ﬁlﬀ$@$'1$'ﬃ(ﬃ("ﬁ  &ﬀ!  &ﬀ#  &'% Á
Ë
* /0ﬃ Óv56ﬂ/ 56ﬃ(l"ﬁ7p56G$6!5v!/m$'ﬃ"1(&(/m´l"ﬁ"ﬁa!56ﬃ(t $'wh5v/0$'ﬃ
ﬁ
 	 EGF
pQ TP<SAvK =CB= MBK 9
.< K 9%J[CL=  
(ARKN<>T4=.J¥CLK¡?QSK 9%JT
(Q"< K_?L=
u.lS56)056/0ﬂﬁ  w,Ä  o  /  &  /
|ﬁﬀl"ﬁﬀ&(  /mwh&()0ﬂ/0$'ﬃﬀ     &  & 
o|ﬂﬁﬀ&(1$'lﬀ56) 56/mﬁ) qﬀ)0/mlﬀ/I!      	  &  & 
   	





1(ﬁ·) 5L $'ﬃ(l"/0$'ﬃ1 *,$'ﬃ1(ﬁ·1_*,&ﬃ(ﬁ·p56ﬂ/0l"&()0ﬁa$'&(7)05< $'wWﬁ¸1_* &(ﬃ
ﬃ$'w¸-(ﬂﬁbt@&(56ﬃ !/0tP&(ﬁÁ
Ë










ﬁVﬂﬁﬀﬃ Ó'ﬁ"ﬂﬁﬀwWﬁﬀﬃ ¡1(&¸!ﬁ"wh( ﬃlﬀ$'ﬃ(ﬂ/0Æ!ﬁh×lÉqp5vﬃ(3'ﬁﬀ ﬁ"ﬃ & L1p5vﬃ(r) 5´1(ﬁﬀﬂlﬀ/m!/m$'ﬃ¸1_* &(ﬃ·(ﬂ$.l"ﬁﬀﬂ&(
qPs@ﬂ/0tP&(ﬁ6Á
Í
ﬁ"f!$6/0¸Æs.wW"/mﬁﬀ·(/mﬁ"f/0ﬃ(1(/IÓ@/01(&(ﬁ")0)mﬁﬀwWﬁﬀﬃ ¸ﬂ$'ﬃ ·ﬁﬀﬂOﬁ"l"ﬀﬁﬀhp56¸$'&!ﬁ"·)0ﬁﬀ& $6lﬀﬁ"& $'ﬃ(1p5 Ô
wWﬁﬀﬃ !56)0ﬁ"^ ﬁÑl"ﬁﬀ])+*,/mﬃ !ﬁﬀ56l"/0$'ﬃ 5v/0-()mﬁ6Á
Í
ﬁﬁ4$'(ﬂ/0!2&(ﬃ(/mtP&(ﬁ1(ﬁ) * /0ﬃ !ﬁ"!56l!/0$6ﬃ 56/0-()mﬁDﬁﬀÆ
]) * $'/m3'/0ﬃ(ﬁ·1(ﬁ"fﬁÑ.%ﬀ/mﬁﬀﬃ(l"ﬁﬀf1(ﬁDÓ@/m$') 5v/0$'ﬃ 1(ﬁ2(56/I!¦1ﬀlﬀﬂ/mﬁﬀ¸1p5vﬃ(¸lﬀﬁﬁD!q(È"ﬁ6Á
Í
ﬁﬀ%ﬁﬀﬃ(1p5vﬃP^
)mﬁb!q("$'È"whﬁ ﬁ  ﬃ¨O$'Æ!&()mﬁatP&(ﬁa) 5·lﬀ$'w#-(/0ﬃp5v/0$6ﬃ]1(ﬁ"²$'/m´!56ﬃ(t $'wh5v/0$'ﬃ(ﬁ"ﬂb&ﬃ(ﬁ#Æs.wW"/mﬁ
ﬁÑ56l"ﬁ6Á
Í
ﬁ7!q("$'È"whﬁbﬁ"ﬂ²1_*,&ﬃ(ﬁ73'!56ﬃ1(ﬁ7/0wWO$'ÆÉ56ﬃlﬀﬁ×lﬀ56Glﬀﬁ"ﬂ!ﬁ7/0ﬃ Óv56ﬂ/ 56ﬃ(l"ﬁ×1("lﬀ$'&()mﬁ71(ﬁ7) 5flﬀ$'ﬃ@Ô




$6-(ﬁ"ﬂÓ'ﬂJ]l"ﬁ@ ﬂ$'&("1ﬁhÓ@/0$')05v!/m$'ﬃ 1(ﬁ ﬁ ﬃDÁÄr)0)0ﬁWﬁﬀÆf1($'ﬃl¦lﬀ$6ﬃ(/m1(ﬀﬂﬀﬁDl"$'whwWﬁW&(ﬃ(ﬁDÆs.wW"/mﬁ









5 Æs.wW"/mﬁ¦wW/0$6/07ﬁﬀÆflﬀ$'ﬃﬁﬀÆÓ'"ﬁ4(56#)+*,/mﬃPﬁﬀ56l"/0$'ﬃﬀ)0ﬁ"l"$'wh563'ﬃ(!/mt@&ﬁB) * /0ﬃ !ﬁ"!56l!/m$'ﬃ $'Æ!ﬁhﬁ"f)05













ÁBuOÁ Â&  »
ﬂ&(|)0ﬁ/.

10~ﬁ"¡ﬁﬀﬃ&(/I!ﬁ´lﬀﬁﬀ)m)0ﬁ"r&(|) 5b1("/mﬃPﬀ3'5v!/m$'ﬃ·1(&Ww¸&($'ﬃ·ﬁ"¡1(&W(/m$'ﬃ  ¹6ﬁ Òt@&/p$'ﬃ zl"$'ﬃﬃpﬂwhGl"ﬁ"ﬁ
p5vﬂ!/mlﬀ&()056/I!vÁ
Ë







ﬁ"|ﬃ($'w¸-(ﬂﬁﬀ&.ÑWﬂﬀﬂ&()m!5v!rﬁÑ%ﬀﬂ/0wWﬁﬀﬃ É5v&.ÑWwh$6ﬃPﬁ"ﬃP|tP&(ﬁ´) 5×Ó@/0$6) 5v/0$'ﬃ¸1ﬁ´(56/I!ﬁﬀÆ




ﬁ"ﬃ )0ﬁ"Gﬁﬀﬀﬂﬁﬀﬃ É5vﬃP×p56´1(ﬁﬀ´-(/0ﬂ(/0ﬃﬁﬀ&(ﬂ~5Ss 5vﬃP²&(ﬃ(ﬁalÉq(/056)0/I!×3'56&(lÉq(ﬁaﬁ"²1($'/I!ﬁvÁﬀ-Òﬁs@ﬃ(w¦5vﬃ(ﬃ]ﬁbÃbﬁﬀ)m)IÔ
À 5vﬃ(ﬃ  ﬂB$'ﬃ ²ﬁ" $6w¸&()m7) 5¸!q("$'/mﬁa1ﬁ -pﬁﬀﬂwh/;1ﬁﬀ´/0ﬃ !ﬁ"!56l!/0$6ﬃ(h 56/0-()mﬁﬀ%$'&(G!ﬁ"ﬃ(/0Glﬀ$6whﬁ71(ﬁ#l"ﬁ"ﬁ
1(/ $ "ﬁ"ﬃP/ 5v/0$'ﬃ4ﬁﬀﬃ /0ﬃ !ﬂ$.1(&/0!5vﬃP²&(ﬃl"$'&(()0563'ﬁ1(ﬁaÕs@%ﬁ]²Ô
Ì







&(ﬃ4lﬀ$'&() 5636ﬁO 56/056ﬃ Gﬁ"&()0ﬁ"whﬁ"ﬃP´/mﬃPﬁﬀÆÓ'ﬁﬀﬃ/0) 5¸l"$'wWO$'56ﬃ !ﬁb1(ﬁ7lÉq(/m!56)m/m×3 56&(lÉqﬁ1&4-/0/0ﬃ(ﬁ"&( SÁ%u@$'/m
)0ﬁ´-(/m(/mﬃ(ﬁﬀ&(56ﬂ$.l"/0O#&(ﬃ< ﬁ"wW/0$'ﬃ#1(ﬁ"&.ÑDl"$'wWO$'56ﬃ !ﬁ"lÉq(/m!56)mﬁﬀ      
   6 ÁÖ´$'&(z$'-!ﬁ"ﬃ($'ﬃ()0ﬁﬀ
ﬁ") 5v/0$'ﬃV&(/IÓv56ﬃ !ﬁﬀ7n






      6   256    

ﬁ




ﬁﬀ"!5v!21ﬁlÉq/0!5v)0/m ﬃ(ﬁ ﬂ$'ﬃ ](5621(ﬁﬀl"$'ﬃ(ﬂ!56ﬃ !ﬁ"]1(& wW$'&Ó'ﬁ"whﬁ"ﬃ # "
*
ﬃ(ﬁ lﬀ$'wWw¸&ﬁp565SÓ'ﬁ"l
) * qp56wW/0)I!$'ﬃ/0ﬁﬀﬃh1_* &(ﬃ ﬁ"wW/0$'ﬃwh56ﬂ/ Á
k
5vﬃ(²)05f)0/0wW/mﬁ~&()I!5RÔÕﬂﬁﬀ) 5R!/mÓ@/mﬂ!ﬁﬂ$'ﬃ4%ﬁﬀ&´lﬀﬁ"Oﬁ"ﬃ(1p56ﬃ ~wh$'ﬃ ﬁﬀ
























ﬁwW$@1(Èﬀ)mﬁﬂ!56ﬃ(1p56ﬂ11("lﬀﬂ/m4)0ﬁ"4/mﬃ !ﬁﬀ56l"/0$'ﬃ4")0ﬁ"l"!ﬂ$'wh563'ﬃ(!/0tP&(ﬁﬂ( 56/m-()0ﬁﬁ $6ﬂ!ﬁ 1(ﬁ"](56ﬂ/0lﬀ&)0ﬁﬀ
ﬀ)mﬀwWﬁﬀﬃ É5v/0ﬁ"ﬀÁ%ÅÕ)Łﬁ"ﬂb-p5vf&×)0ﬁa(/mﬃ(lﬀ/mOﬁa1(ﬁ 56&(36ﬁ¸tP&(/ŁÆ!/0&()0ﬁat@&ﬁ¸!$'&ﬁﬀ×)mﬁﬀ $'l"ﬁﬀb1(ﬁ¸)05hﬃp5R!&(ﬂﬁ









  ﬁ ﬁﬀ
$
ﬃﬂ (












1("lﬀ/Ir) * /0ﬃ ﬁﬀ!5vl"!/m$'ﬃ $'ﬂﬁ6ﬃ$'&(r)0ﬁz) 56/mﬂ$'ﬃ(Ł1ﬁVl;6lS56









  5v(Oﬁ")0|56&/6wh$@1(Èﬀ)mﬁ ﬂ!56ﬃ(1p5v17wh/mﬃ(/0wh56)+Á!ÅÕ)'&(ﬃ(/-ﬃpﬁr)0ﬁ";/0ﬃ !ﬁ"!56l!/m$'ﬃ(_")0ﬁﬀl!ﬂ$'w¦5v3'ﬃ("/0tP&(ﬁ
ﬁ"O 56/0-()mﬁ&Dp5vﬂ!/m~1(ﬁf1ﬁﬀ&.Ñ3'$'&Oﬁ"b1(/0Æ!/0ﬃl"!" 
  ﬁ ﬁﬀ
$






1p56ﬃ¡&ﬃ(ﬁV!q("$'/mﬁﬁ"ﬃ($'wh56)m/0!5v-()0ﬁvÁRÅÕ)ﬁﬀﬂ¡)+* 56-%$'&/0ﬂﬁﬀwWﬁﬀﬃ rﬁ"ﬃµ 7 ﬃv»b1(ﬁ"r!!5SÓv56&.Ñ¸1(ﬁÂﬁ"/0ﬃP-%ﬁﬀ3Pu56)056w
ﬁ"DÃb) 56ﬂq($   ﬃ+   7Gﬁ"h1(ﬁ]ﬀ*
Î
$.$ﬂNhﬁ|ﬁ")mw¦56ﬃﬃ[%$'&(W) 5ﬂﬁﬀﬃ($'ﬂw¦5v)0/05v!/m$'ﬃ  µ>º+Á
Ë
ﬁ"¦-%$'$6ﬃ(h1ﬁ





























































8;:9[D#:9G=<plF9lUaDE< PaTC<>@\NXNO:9PQ<-O?a@\B=<>DJBpl: W Y :*S?AF9BKDM:PA[*:l:. T\Wnl0/a@\IA:9BpG=UaBoWZY /FWMDn[*DJ<KFlUvP:9U<KB>DJPaT_b d1gf h
 	 EGF
pQ TP<SAvK =CB= MBK 9
.< K 9%J[CL=  
(ARKN<>T4=.J¥CLK¡?QSK 9%JT
(Q"< K_?L=
































































     0ﬁ  2ﬁ     2' µ'Á ¹:
Ë
ﬁrwW$.1(È")0ﬁﬂÉ5vﬃ(1p56ﬂ1ﬁ"ﬂL)0ﬁŁﬀﬂ&()m!5v;1(ﬁrﬃ$'w¸-(ﬂﬁﬀ&.Ñ7ﬁ$ $6ﬂ!OÉ56ﬃ B&L)mﬁ ()056ﬃ×!q("$'/mtP&(ﬁ tP&_* ﬁÑ.O"/mwhﬁ"ﬃP!56) Á
¼
&(ﬂtP&_*`×ﬀﬂﬁﬀﬃ #656&(l"&(ﬃ(ﬁV1(Ó@/ 5v/0$'ﬃa/036ﬃ(/ ﬃplﬀ5v!/IÓ'ﬁ¡56&¸wW$@1(Èﬀ)mﬁ¡ﬃ * 5~!z$'-(ﬁ"ﬂÓ6ﬀﬁ  -/03(ÁPµ'ÁIµÁ
Í
ﬁ"Oﬁ"ﬃ(1p56ﬃ 













































5vﬃ(a)mﬁ·1($'wh56/0ﬃ(ﬁ·1(ﬁ"atP&p5v1(/mwh$'wWﬁﬀﬃ      &     









wh563'ﬃ(!/mt@&ﬁﬀ´1($'wW/0ﬃ(ﬁ"ﬃP´)0563'ﬁ"whﬁ"ﬃ ²)05h1(/ $ &/0$6ﬃ]") 56Æ!/0tP&(ﬁvÁ%o$'&(´/0ﬂ$')0ﬁ"G) 5·lﬀ$'ﬃ !ﬂ/0-(&.!/0$6ﬃ 1(&]lﬀ$'&(56ﬃ 
 56/m-()0ﬁﬃ(ﬁﬀ&ﬁ´ﬃ($'&(|wWﬁ"ﬂ!$'ﬃ(l7($ﬂﬃ(¡!57lS5656l"ﬀ/mﬂ/0tP&(ﬁ&(ﬃ(/mtP&(ﬁ²1ﬁGÓ@/m$')0ﬁ"r) 5bp56ﬂ/m!vÁ Ö²$6&(|lÉq(ﬁﬀﬂlÉq($'ﬃ(
1($6ﬃ(l¸lﬀ$6ﬃ(ﬂ&(/mﬁ×&(ﬃﬁb$'-(ﬁ"ﬂÓv56-()mﬁ×tP&(/ wWﬁﬀﬂ&(ﬁb)05#1(/ $ "ﬁﬀﬃlﬀﬁ×1(ﬁb1ﬁﬀ&.ÑD($@lﬀﬁ"&´/mw¦5v3'ﬁﬀ¡p56V(56/I!6Á
k
*,56(ﬂÈﬀ¸)mﬁW!56-()mﬁS56&[µ'ÁIµw)05!56ﬃﬀ $'ﬂw¦5v/0$'ﬃ p5v/mhlÉq(56ﬃ(3'ﬁD)mﬁhﬂ/03'ﬃﬁh1(ﬁW!$'&#)0ﬁ"Ó6ﬁﬀl!ﬁﬀ&f%$'/I!/0$6ﬃ




0 1 2 3
0 1 2 3
∆αhad(mZ)(5) 0.02761 ± 0.00036 0.02768
mZ [GeV] 91.1875 ± 0.0021 91.1873
ΓZ [GeV] 2.4952 ± 0.0023 2.4965
σhad [nb]
0 41.540 ± 0.037 41.481
Rl 20.767 ± 0.025 20.739
Afb
0,l 0.01714 ± 0.00095 0.01642
Al(Pτ) 0.1465 ± 0.0032 0.1480
Rb 0.21638 ± 0.00066 0.21566
Rc 0.1720 ± 0.0030 0.1723
Afb
0,b 0.0997 ± 0.0016 0.1037
Afb
0,c 0.0706 ± 0.0035 0.0742
Ab 0.925 ± 0.020 0.935
Ac 0.670 ± 0.026 0.668
Al(SLD) 0.1513 ± 0.0021 0.1480
sin2θeff
lept(Qfb) 0.2324 ± 0.0012 0.2314
mW [GeV] 80.425 ± 0.034 80.398
ΓW [GeV] 2.133 ± 0.069 2.094
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 / ndf 2χ  82.52 / 23
Prob   1.233e-08
p0        0.04504± -0.1764 
p1        0.1781± 12.74 
ﬁ/	 ﬃ
 E (MeV)∆

















 / ndf 2χ  14.54 / 23
Prob   0.9102
p0        0.0311± -0.1198 
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Linear attenuation right arm PMT with plexi light guide
T test : 26 %/m
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 Haute tension [V]
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He run4Beam Polarization - 
Pe = 86.12 +/- 0.25 (stat) +/- 2.2 (syst) %
 Zﬁ
Run #














Beam Polarization - Hydrogene run
Gun3
Gun 2
Pe = 88.42 +/- 0.13 (stat) +/- 2.2 %
Pe = 75.62 +/- 0.12 (stat) +/- 1.9 (syst) %
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Wire Position X  (mm)

















<X> = 6.8 mm
 = 0.8 mmXσ
Wire Position Y  (mm)















<Y> = 8.2 mm
 = 1.0 mmYσ
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Correlations - IN, MID, OUT, EP, FLUM, BLUM, TLUM, SLM; Run 9642 REG 
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Run 9835 eigen v2













Run 9835 eigen v3




























Run 9930 eigen v2
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Transverse Asymmetry: 46 GeV, "mid" ring
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-600 -400 -200 0 200 400
 45 GeV INA   36.0±-70.8 
 48 GeVINA   30.0±-130.3 
> IN<A   24.3±-103.1 
 45 GeVMIDA   28.6±-122.0 
 48 GeVMIDA   26.2±-95.3 
>MID<A   19.3±-107.5 
 45 GeVOUTA   38.8±-90.5 
 48 GeVOUTA   34.8±-195.9 
>OUT<A   25.9±-148.9 
 45 GeVMollerA   22.1±-100.0 
 48 GeVMollerA   20.1±-130.6 
>Moller<A   14.9±-116.8 
Monopole (ppb) 
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 14 ppb± = -128 PVA
/df = 74.3/742χ
Run I Run II Run III
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0.22 0.225 0.23 0.235 0.24 0.245 0.25
Qw(Cs)  0.0019±0.2292 
NuTeV  0.0017±0.2361 
E158  0.0015±0.2330 
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